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CHAPTER L 

INTBODUOTION AND AXIOMS. 

Between the years 1885 and 1892 the author had the 
superintendence of a large amount of traction-engine 
haulage under somewhat exceptional and difficult cir- 
cumstances, and from watching the progress of the work 
from time to time he came to the conclusion that an 
improved system of goods transport on common roads 
could be designed on a very economical working basis, and 
that it would be of great public benefit. 

From the dates mentioned it will be seen that the 
author's study of the subject commenced long before the 
revival of public interest in heavy transport on common 
roads, which resulted from the passing of the Light 
Locomotives Act in 1896, and he thus had the benefit 
of several years' start over those engineers who have since 
been engaged on the solution of the same problem. The 
system hereafter described has been developed by a process 
of gradual evolution of ideas, and differs materially, so far 

B 
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as the author is aware, from all other systems at present 
advocated 

A careful study of the problem has made it clear to 
the writer that a system to give the best commercial 
results must be based on the following axioms : — 

1. Minimum cost of transport is of greater importance 
than speed. 

2. Mechanical means must be devised to give the 
maximum of road-adhesion to the propelling power, or 
engine, and the minimum of road-resistance to the engine 
and the wagons. 

3. Damage to roads must be minimized, and, if possible, 
altogether obviated. 

4. Goods must be capable of being transported in 
very large quantities for the longer distances, or trunk 
routes, and of being easily split into smaller units for 
collection and distribution through branch routes and 
terminals. 

5. The system must include a cheap and efficient 
means of collecting and distributing empty wagons or 
units, and a separate and more powerful means of collect- 
ing and distributing them when loaded. 

6. Ee-handling of goods must, as far as possible, be 
abolished. 

7. The motive power must be separate from the 
wagons, and must not be kept waiting whilst the 
wagons are loading or unloading. 

In laying down these axioms as essential, the author 
has been much influenced by the experience of ordinary 
railways, which, having stood the test of practical working 
for very many years under world-wide conditions, may be 



INTRODUCTION AND AXIOMS. 3 

assumed to have attained a high state of efl&ciency. This 
valuable experience does not hitherto appear to have been 
utilized in dealing with road traffic by ordinary traction- 
engines or motor- wagons. 

In the system advocated it is not proposed to deal 
with distances beyond, say, thirty to fifty miles. Long- 
distance traffic (in which terminal charges do not add a 
high percentage to the mileage cost of transport) will 
probably always be best dealt with by railways, and this 
would also apply to light parcel traffic, where speed is 
generally of great importance. The want, however, of some 
efficient means of dealing with heavy goods transport for 
moderate distances, especiaUy in isolated country districts, 
is a matter of public notoriety, as proved by the Light 
Eailways Act, which was passed entirely to encourage 
a solution of the problem, and which even went to the 
length of oflFering Government financial assistance ! 

Although an efficient and economical system of road 
transport would no doubt aflfect the earnings of railways 
so far as short-distance traffic is concerned, the author is 
of opinion that it would not ultimately prejudice railway 
traffics as a whole, as the system advocated would " tap " 
so many new districts, now practically isolated, that the 
railway long-distance traffic must eventually be largely 
increased thereby. Moreover, the road system would tend 
in the direction of encouraging the collection and assort- 
ment of the traffic into larger units or consignments before 
it arrives at the railways, so that it could be placed on the 
same basis as foreign traffia Having regard to the great 
outcry against the preferential rates quoted by our rail- 
ways for foreign traffic, any system that would make it 
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possible for the home trafiic to obtain the same advan- 
tageous treatment would undoubtedly be of the highest 
value to the country at large. 

Before passing on to the history and general descrip- 
tion of the system, the following remarks will be of 
interest as showing the reasons for the axioms, and also 
the difficulties to be surmounted : — 

Axiom 1. — Minimum cost of transport is of greater 
importance than speed. 

Independently of the fact that heavy goods trains 
travelling at high speeds on public roads would be 
objectionable and even dangerous, the corresponding 
advantages of arriving at a destination an hour or two 
earlier would not be of sufficiently material value to 
justify increased cost. 

As regards cost, Mr. Alfred Holt, in his capable paper 
on " Plateways," suggests that " cost increases as the cubes 
** of the speed ; ^ that is, that twenty miles an hour costs 
" eight times as much as ten. Books have been written 
^* to prove that it is even greater, but to take perfectly 
** sure ground, it is beyond dissent that slow speeds are 
** very economical as compared with high." 

Mr. Alfred Holt's contention is intended to apply to 
his plateway system, but it also applies to all heavy 
locomotion on common roads, except that in the latter case 
the speed should be still further reduced, and in the author's 
opinion should not exceed three to four miles an hour. 

Another reason for this is that the existing Loco- 
motive Acts limit the speed to four miles an hour in the 

* This is not put forward by Mr. Holt as a mathematically accurate state- 
ment. 
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country and two miles an hour in towns, and if these 
speeds are not exceeded the delay and expens9 of obtaining 
any amendment of the existing Acts would be avoided. 

Axiom 2. — Mechanical means must he devised to give 
the m^aximum of road-adhesion to the propelling power , 
or engine^ and the minimum of road-resistance to the 
engine and the wagons. 

Axiom 3. — Damage to roads must he minimized^ and, 
if possible J altogether obviated. 

Eoad-adhesion, road-resistance, and damage to roads 
are so closely allied that these axioms may well be 
coupled together. In an ordinary wheel only a very 
small proportion of its circumference is actually in contact 
with the road at any given moment. In railways adhe- 
sion is obtained by bringing an enormous weight to bear 
on these small areas of contact, and it consequently 
requires metal rails to withstand the pressure, which in a 
locomotive often amounts to as much as 100 tons. If 
anything like these weights were attempted on an 
ordinary highway the wheels would obviously sink into 
the road, and road-resistance would be enormously 
increased. 

Few people, even in engineering circles, realize the full 
importance of dealing with road-resistance as a primary 
factor in the problem, but its eflfect on transport is well 
illustrated by the fact that it is possible for a horse to 
pull a weight of even 40 tons on a railway, whereas a 
tenth of this would be beyond its powers even on a good 
high-road, which oflFers less resistance than the soft or 
badly laid road, with which, however, the mechanical 
power must reckon. 
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Herein lies one of the great difl&culties from a 
mechanical point of view, in the fact that road-resistance 
varies so enormously according to the character of the 
road. There are not only hard and soft roads, but level 
and uneven roads. In any well-considered scheme it 
would be useless designing a mechanical arrangement 
that would travel well on first-class hard roads, and be 
brought to a standstill in a soft place. The inference 
is obvious, that the mechanical arrangement referred to 
should enable the locomotive and wagons to travel over 
the worst portion of the road on which transport is con- 
templated, and at the worst seasons. 

At a very early stage of the author's investigations 
he arrived at the conclusion that the first objective to aim 
at was to increase the area of the surface contact between 
the driving-wheels and the road, and this led to his first 
invention, patented in 1893, of a road engine which dis- 
tributed its weight over all four wheels, aU of which are 
driven and steered. This was followed by his invention 
of the "Pedrail," which increased the surface contact so 
largely as to practically float the load. Both these in- 
ventions are more fully described hereafter. For the 
present it is sufficient to point out that increased area of 
surface contact necessarily includes increased xo^dL-adhesion 
of the driving-wheels on the road, and must also tend in 
the direction of reducing, if not abolishing, damage to the 
roads. In other words, adhesion, which is obtained on 
railways by placing a large weight on a small surface, 
should in road work be obtained by a reduction of weight 
spread over a large surface. 

The author noticed, with much surprise, that even 
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when public interest in the whole problem was revived by 
the passing of the Light Locomotives Act in 1896, the 
chief attention of engineers appeared to be directed to the 
motive-power as being of the first importance, little or no 
attention being paid to the question of road-resistance, 
until Professor H. S. Hele-Shaw read his valuable paper 
on " Eoad Locomotion " at the Institution of Mechanical 
Engineers, in April, 1900. In his paper the problem of 
the behaviour of the wheel upon the road surface was 
placed before everything else, as being, what it un- 
doubtedly is, the crux of the whole problem/ 

Axiom 4. — Goods must he capable of being transported 
in very large quantities for the longer distances^ or trunk- 

* Extract from paper on '^ Road Locomotion " by Professor H. S. Hele-Shaw, 
LL.D., F.RS., etc., April 26, 1900 :— 

^^ The provision of a suitable track, upon which the train moves and by which 
its motion is guided, is the real secret of railway development. Hence it is that 
with a steel wheel rolling upon a hard smooth track, a continuous increase of 
weight and of tractive force, together with increase of speed, is enabled to be 
obtained. The conditions of the historical " Rocket " were a weight of 6 tons, a 
speed of from 20 to 30 miles an hour, and a load of 20 tons, while the modem 
locomotive aud tender together weigh 100 tons, having a speed of over 60 
miles an hour, and drawing a load of 300 tons. Now, this result has been 
obtained by increasing the number of wheels, until the locomotive and its tender 
may have the weight distributed over from sixteen to twenty wheels, each resting 
upon a hard smooth surface of contact, whereas the motor- vehicle, at any rate at 
present, is limited to four wheels, which have to run upon an uneven surface 
which, if it is hard, intensifies the action of shocks and vibrations, and if it is soft, 
causes an enormous amount of resistance. The load thus being on four wheels, 
both this sinkiQg and shock are magnified as the load is increased, and therefore 
inventive efifort has been naturally almost entirely directed to lightening the 
working parts for obtaining a given power, and this correspondingly diminishes 
the tractive adhesion which is a necessary feature for successful working. In 
short, the conditions of the problem are such as to involve improvement exactly 
in the opposite direction to that in which the railway locomotive has been suc- 
cessfully developed. 

" No doubt the progress of invention will ever increasingly enable a greater 
amount of power from a given weight of motor to be obtained, but the stir/ace to 
le moved over, which ia the real difficulty of the road locomotive, mil remain the 
chief factor of the problem" 
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routes J and of being easily split into smaller units for collec- 
tion and distribution through branch routes and terminals. 

The evolution of railways has shown that it is more 
economical to take a long train with one engine than a 
number of short trains with several engines, a saving 
being thereby eflfected, not only in the number of engines 
required to do a given amount of work, but also in the 
number of men employed and the corresponding expendi- 
ture in wages. 

Hitherto long trains in road transport have been im- 
possible, owing partly to the want of sufficient adhesion or 
hauling power of the ordinary traction-engine, and partly 
to the road-resistance before referred to, which applies to 
the engine and wagons alike. It has also been found 
that excessive loads have caused increased damage to the 
roads, owing to the fact that the area of road surface 
actually in contact with the driving-wheels of the engine 
has been insufficient to stand the strain. This has led to 
legislative restrictions in the Locomotives Act of 1898, 
in which the number of loaded wagons to be hauled 
is limited to three, though this number can be increased 
with the consent of the local authorities. 

In addition to the above there are also the difficulties 
of getting a long road train round a comer and up steep 
gradients, and of preventing it from zigzagging and over- 
running when travelling downhill, from the fact that the 
couplings between the wagons must necessarily be hinged 
joints to enable the train to negotiate much sharper curves 
than are attempted or required on railways. 

Another great difficulty in traction-engine practice 
has been the want of some quick and efficient means of 
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coupling and uncoupling the wagons when shunting, thus 
preventing the train from being easUy split up into 
smaller units for collection and delivery. 

On railways the separate wagons are easily discon- 
nected, sorted, and shunted, owing to the fact that the 
guiding rail makes the wagons come together easily for re- 
coupling ; but on roads shunting and recoupling is a very 
tedious and difficult operation, especially at stations and 
other confined spaces, as the wagons will not travel 
backwards in any required direction without some kind of 
steering apparatus to take the place of the guiding rails. 

Axiom 5. — The system must include a cheap and 
efficient means of collecting and distributing empty loagons 
or unitSf and a separate and more powerful means of 
collecting and distributing them when loaded. 

Axiom 6. — Rehandling of goods must, as far as 
possible, be abolished. 

Assuming that suitable and powerful engines were 
designed for dealing with long road trains, the difficult 
question of collection and delivery would still remain. 
It is now generally agreed that for short-distance traffic 
cheapness of collection and delivery and avoidance of 
rehandling is of even greater importance than actual 
transport, and no system would be complete that did not 
provide for this on an efficient and workable basis. 

Axiom 7. — The motive power must be separate from 
the wagons^ and must not be kept waiting whilst the 
wagons are loading or unloading. 

One important reason why traction-engine haulage has 
not hitherto been more economical is that, whereas on our 
railways the wagons are loaded before the engine arrives 
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to take them away, with traction-engine haulage the 
engine is often obliged first to take the wagons to the 
place of loading and then remain idle whilst the loading 
is proceeding, only doing actual haulage work for a short 
interval 

The existing system, or want of system, in traction- 
engine practice does not admit of the paying load being 
picked up in small units along a fixed line of route, other- 
wise it might be possible for the wagons to be distributed 
and loaded in advance, though even this would not get 
over the shunting difficulty before referred to. 



CHAPTER II. 

NO. 1 ENGINE. 

With the object of increasing the surface area of road 
contact before referred to, the author took out a patent 
in 1893 for an engine to drive and steer all four wheels, 
which would at least have the effect of doubling the 
surface contact of the driving-wheels. In an ordinary 
traction-engine two large wheels are used for driving 
and two smaller ones for steering ; and, in order to 
obtain adhesion, the engine is so designed that the bulk 
of its weight is concentrated on the two driving-wheels, 
and is not, as is often supposed, distributed evenly over 
the four. Also, when pulling a heavy load, the winding 
action of the gear-wheels round the road-axle, so well- 
known to traction-engine men, further reduces the weight 
on the steering-wheels and concentrates it on the driving- 
wheels, even to the extent of occasionally lifting the 
steering-wheels off the ground, when it is obvious that 
the entire weight of the engine must be on the two 
driving-wheels. This more frequently happens when 
ascending an incline to pass over a bridge, which is just 
the very time when the weight should be spread over as 
large an area as possible, especially on small country 
bridges. 

It is not generally known that the cost of breakages 
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and the consequent repairs of an ordinary traction-engine 
form a very high proportion of the working cost. In the 
author's experience, which is corroborated by that of 
others, it has been found that the life of an ordinary 
traction-engine, even after a large amount has been spent 
on annual repairs, is only about four or five years, and 
that after this it practically becomes cheaper to buy a 
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Pig. 1. — Plan of Frame of Engine with Boiler removed. 
{The dotted lines show the alternative positions of the fottr wheels.) 

new engine than to go on repairing the old one ; this 
means a very serious item for depreciation alone. The 
excessive breakages referred to are mostly caused by the 
want of efficient springs to ease the heavy weight of 
the engine when jolting over inequalities in the road. 
Various designs have been tried with the object of 
introducing springs into traction-engines, but although 
some of these designs have been adopted by leading 
makers, and are working with a fair amount of success, they 
none of them really give a true mechanical movement, 
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and the spring action in all of them is confined to a 
fractum of an inch. These defects canse irregular wear 
in the working parte, and the small spring m^ement is 
wholly inadequate to the object for which it is designed. 

In the author's invention the gear-wheels on the 
road-axles are mounted on the centre of the axles, 
with a special form ^ 

of universal joint 
inside the gear-wheels 
which not only ad- 
mits of hoih axles 
being steered for turn- 
ing corners without 
disturbing the line 
of the gear - wheels 
with the rest of the 
engine^ (see Fig. 1), 
but the same arrange- 
ment allows the axles 
to oscillate horizon- 
tally (as shown in 
Fig. 2) to an almost 
unlimited extent. In 
fact, it may be men- 
tioned here that in an 
engine actually constructed the spring movement admits 
of the wheels A, A (Fig. l) being simultaneously raised 

1 In previous attempts to bufld "four-wheel drivers" only one axle was 
designed to steer, but this required a very large angular movement of this axle 
to n^otiate a sharp comer, and thus caused an excessive twisting strain on the 
driving mechanism. It will be seen from Fig. 1 that by steering loth axles this 
angular movement and twisting strain is divided evenly between the two axles, 
and is consequently halved. 




Fig. 2. 

(^The dotted lines show the alternative positions of 
the four wheels,) 
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6 inches higher than the wheels B, B^ and consequently, 
by tilting the engine, any me wheel can rise twelve inches 
higher than the remaining three without disturbing the 
mechanism of the engine in any way. 

With regard to this engine the following reports by 
Lieut. -Colonel E. E. Crompton, E.E., C.B., well known 
as a traction-engine expert, will be of interest :— 

Bbport on Improvements in Boad Looomotitos. 

August 28, 1894. 
B. J. DiPLOCK, Esq. 

Deab Sir, 

From the year 1869 to 1875 1 was employed by the Indian 
Govemment to carry out a long series of experiments on road 
traction on the Grand Trunk road of India. I held the official 
title of Superintendent of the Govemment Steam Train 8th 
Circle Military Works, and during the above period had five 
large road locomotives continuously at work under every kind of 
condition likely to be met with when such engines are used for 
the transport of troops and war material. My experience in loco- 
motive and traction-engine work is probably as fall as that of any 
other engineer, and on account of the big facilities given to the 
steam-train by the Indian Govemment, I believe I have had 
more experience in working traction-engines at high speeds than 
any other living engineer. I consequently have paid much 
attention to all points of road locomotives that are affected 
by such high speeds. I refer more particularly to the arrange- 
ments of gear and of springs. 

I have studied the drawings left by you, as well as the patent 
specification, No. 19,682, of 1893. I understand the main object 
of yoiur invention to be the perfecting of the gearing for trans- 
mitting the power from the cylinders to two pairs of driving- 
wheels of a road locomotive, a feat which has hitherto been often 
attempted, but which has never been carried out satisfactorily in 



NO. 1 ENGINE. 15 

practice. I think it is unnecessary in this report to dwell on the 
obvious advantages of. transmitting the power to four wheels 
instead of two as is now the case. Amongst these I need only 
mention the greatly reduced wear and tear of the road surface 
due to the weight of the engine being distributed oyer four 
wheels instead of being concentrated on two wheels, and that 
as the front wheels now become driying as well as steering 
wheels, side-skidding of these wheels is preyented, which obviates 
a serious difiSculty well known to all users of traction-engines. 

I have now to point out in what respects your invention 
successfully accomplishes these objects, by transmitting the 
power equally to all four wheels, and how far this great ad- 
vantage is obtained without an introduction of corresponding 
disadvantages. 

The arrangement of your gearing is very fairly shown and 
described in Figs. 1 and 2 of your patent with accompanying 
description. 

The symmetry of the arrangement and the fact that you have 
been able to adopt a complete self-contained frame, supported on 
swivel-end carriages, at once commends the design to engineers 
who have had experience of road work. 

I have carefully thought over the arrangement of the central 
ball-socket drive, by which the axle-boxes can rise and fall 
in horn-blocks without fear of jamming or causing strain on the 
axles themselves, and, as far as I am able to judge from the 
drawings, the action appears to be perfect, and there is no fear 
of such jamming action. 

The movement appears also to be satisfactory in respect of 
the gearing; that is to say, that the action of the springs in 
combination with that of the ball-and-socket gear does not bring 
any twisting or irregular strain on the teeth of the gearing, 
so there will be no tendency for teeth to be broken from this 
cause. 

Another point which I think will be found of great advantage 
is that the axles are not only free to swivel in the horizontal 
plane, but are also free to swivel round a horizontal axis when 
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the engine is seen in end view, thus allowing all four driving- 
wheels to take a bearing when the engine is standing on 
irregular ground. This last advantage, I think, will have the 
effect of distributing the driving power over the four wheels very 
perfectly, and hence will largely increase the total tractive 
power. In regard to this swivelling movement of the two axles 
around a horizontal axis, I consider the compound distance- 
pieces, described on page 3, line 7, and following lines of your 
specification, are of great merit. 

As far as I am aware, the invention of the compound dis- 
tance-pieces is quite new, and it is probably the detail that was 
really wanting in previous attempts to make four-wheel geared 
traction-engines. It is difficult to estimate ,the amount of 
increased tractive power which will be obtained by this even 
bearing of all the four driving-wheels on the road surface, but I 
should be quite prepared to find that on trial it will be found 
one-third greater than that of a two- wheeled engine of ordinary 
make. Under your invention, a traction-engine weighing 8 tons, 
having 2 tons on each driving-wheel, will draw the same gross 
load as an engine of the old construction weighing lOf tons, and 
having 4^ tons on each driving-wheel. If we take a case where 
the two-wheeled lOf-ton engine hauls 19| tons of load and 
wagons, then your engine ought to haul 22 tons of load and 
wagons. If we further take it that the damage to the roads is 
in proportion to the weight on each driving-wheel, then in the 
above case the damage caused by the two-wheeled engine will be 
more than 2^ times that caused by your engine, and this is 
independent of the reduced wear and tear obtained by the use 
of springs. All users of traction-engines know that the serious 
claims made against them for damages to the surface of the roads 
they use are the principal cause why the employment of traction- 
engines has hitherto not been more lucrative than it would have 
been if these claims had not in many cases been justified by the 
actual damage caused by the existing type of engines. The 
highway authorities assert with considerable truth that these 
damages are chiefly caused after the traction-engine has broken 
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through the top crust of the road. K, as there is every reason to 
hope, your improyed engine will be able to do its work without 
thus breaking through the top crust of the road, the wear and 
tear of the road caused by these engines will not be greater than 
that caused by other yehicles, and there mU then exist no special 
grotmdsfor elaimfor sttch damages. 

Another advantage offered by your design is that the boiler 
is quite free from the stresses of the driving machinery, and that 
its expansion does not alter the distance between cylinders and 
crankSt. It is well known what an improvement Aveling's 
invention of prolonging the side plates of the fire-box to carry 
the bearings was considered at the time it was brought out, but 
although this invention did mitigate the strains, and hence the 
wear and tear of the boiler very considerably, yet it did not 
obviate them entirely. On the other hand, your arrangement, 
which so nearly resembles that adopted in the railway locomotive, 
does so completely do away with mechanical strains on the boiler 
that it must tend to greatly reduce boiler wear and tear. 

The advantages of the use of springs have been obvious for 
many years, but I have as yet seen no arrangement of horn- 
blocks which was as satisfactory as your compound distance-pieces 
appear to be. Again, all the important gear-wheels are arranged 
inside the bearings, a point which is desired by traction-engine 
designers, and, as far as I am aware, has been here accomplished 
for the first time. 

We have to weigh, on the other side, what disadvantages, if 
any, attend the introduction of your invention. At first sight 
the chief drawback appears to be that, as there are more parts, 
and as the engine is a much more perfect affair than the ordi- 
nary type, it will be considerably more costly to manufEU^ture ; 
but on careful examination I think it will be seen that this 
objection is more apparent than real. The design is so sym- 
metrical and the parts are so much in duplicate that they lend 
themselves to easy and cheap manufacture; and it must be 
remembered that, as material forms a very large portion of the 
cost of these engines, and, as I have shown above, that to haul a 

C 
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certain load the weight of the material in the engine will in all 
probability be reduced by one-third, when this saving is con- 
sidered it is probable that this perfected engine may be eyen- 
tnally put on the market at a price little, if at all, in excess of 
the present types of traction-engines. 

Another difficulty is the number of gear-wheels employed. 
(A, see letter June 17, 1897.) I believe it will be found that 
the number of these can be reduced except in the cases where a 
great amount of gearing up is required ; but even this disadvan- 
tage is a small one, and in no way to be reckoned against the 
preponderating advantages. 

The last point to be raised by those objecting to the engine 
is that the adoption of four wheels of equal size and of a separate 
supporting frame, must necessarily lift the boiler higher, and 
consequently bring the centre of gravity higher than is usual in 
this type of engine. This, however, is not so, as will be seen if 
the engine is viewed from the front. It will be seen that although 
the boiler, as shown on the patent drawing, is lifted to a higher 
position than boilers of traction-engines of the same type, yet 
its stability or non-liability to turn over on to its side is far 
in excess of all possible requirements; moreover, it is quite 
possible to devise a type of boiler to suit these engines with a 
much shallower fire-box (B, see letter June 17, 1897), and by 
this means to keep the height down to the same as it is in 
present traction-engines. 

In conclusion, I may say that your inventions constitute such 
a radical departure from existing traction-engine designs that the 
real and full value of the points can only be solved by actual 
trial of an engine constructed according to your design, hut the 
excellent features of the in/vention shown on the drawing to my mind 
amply warrant the expenditure on mch an experiment 

Tours faithfully, 
(Signed) B. E. Crompton. 



I 
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B. J. DiPLOCK, Esq., : June 17, 1897. 

53, Ashley Gardens, S.W. 

Deab Sib, 

I have received from you the tracings showing the arrange- 
ment of your traction-engine, and I have examined the points in 
which the new design differs £rom the designs put before me at the 
time I wrote my report, dated August 28, 1894. I find that in 
all respects the alterations constitute an improvement on the first 
design, and I note that in two cases, namely, the reduction in 
the number of gear-wheels and in the reduction in the depth of 
the fire-box, you have satisfactorily succeeded in disposing of two 
difficulties which are referred to in my report. The first of these 
I have marked by a Note A on the original (see Beport) ; in this 
case you have satisfactorily reduced the number of gear-wheels, 
and hence done away with a difficulty which, at the time of 
writing that report, I supposed would exist ; and in the second 
case, B, you have altered the fire-box of the boiler so as to 
reduce the height. The engine as now arranged appears to me 
to be no higher than an ordinary traction-engine, and possesses 
ample stability for all practical purposes. I return my original 
report, which I have re-read, and to which I adhere in every 

particular. 

Yours faithfully, 

(Signed) B. E. Cbompton. 
Beport on Tbaotion-enginb. 

To THE Chairman Ain> Directors, Thriplands, 

Diplock's Patent Traction Engine Kensington Court, 

Hanlage Syndicate, Limited, London, W., 

7, Victoria Street, London, S.W. December 28, 1899. 

Deab Sibs, 

In accordance with Mr. Diplock's request, I went down 
to Branbridge Mills, East Feckham, Kent, on December 5, and 
witnessed several tests of your patent traction-engine. 

On that day the roads were in an exceptionally heavy con- 
dition in that part of Kent, so as to put a seyere strain on the 
hauling capacity of the engine. They were not only very soft 
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from continued wet weather, so that the road-resistance was very 
high, but from the same cause the surface was in such a state that 
the wheels were more than usually liable to slip, and hence 
damage the roads, than they would be under average conditions. 

My first test consisted in setting the engine to work to haul 
behind it a train made up of two trucks containing 20 tons of 
stone, two trucks containing 14 tons of stone, and three trucks 
containing 18 tons of rock ; the total weight of the train, in- 
cluding the trucks, was 71^ tons, and the gross weight of the 
train, including the engine itself, which weighed 15j^ tons, 
amounted to eighty-seven tons. 

Your engine started this heavy train and manoeuvred it in 
the yard in a highly satisfactory manner. It gave a steady 
starting pull, hauling the whole train out of its standing position, 
where every wheel had to some extent sunk into the surface, 
without any of the jerking or uneven pulling which is usual 
under such circumstances. 

My second test consisted in the engine hauling three of the 
heaviest trucks weighing 36J^ tons, over a considerable length of 
the coimtry roads and round some exceptionally severe ourves, in 
one of which the train was almost dovihled on itself. 

A third test consisted in this train, which with the engine 
amounted to a gross load of 52 tons, being hauled up an incline 
of 1 in 15i, and during this last test I very carefully watched 
the behaviour of all four driving-wheels of the engine. I was 
informed by Mr. Diplock that the weight was not so equally 
distributed over all four wheels as ought to have been the case 
in order that his invention might show to the best possible 
advantage ; but taking things as they were, and carefully watch- 
ing the behaviour of the wheel that was lightest loaded, I 
observed no slipping or even displacement of the softened upper 
surface of the road metal by any tendency of this lightest-loaded 
wheel to slip on its surface. 

I have been at some pains to ascertain the actual draw-bar 
pull exerted by the engine during this last test. There are two 
ways of doing this. The first is by calculations from the steam 
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pressure, area of pistons, ratio of gearing and diameter of driving- 
wheels, with allowances for the frictional losses in the engine and 
gearing. The other method is by calculating the total pull of 
the train due to gravity and due to road-friction, the latter being 
taken at an assumed figure. From long experience in these 
matters, I should have said that the road-friction on that day 
was not less than 100 lbs. per ton, and, calculating in this 
manner, the draw-bar pull was 12,700 lbs. If we check this 
by calculating from the piston area, etc., we get a figure of 
12,876 lbs., which coincides so closely with the first figure that 
we may safely assume the first figure to be as nearly correct as is 
possible under the circumstances. Assuming the draw-bar pull 
to be 12,700 lbs., we obtain the extremely satisfactory result that 
on this test the engine was able to exert a pull equal to 35 per 
cent, of the total weight of the engine, quite irrespective of the 
fact that the driving-wheels were unequally loaded, so that in 
the case of the lightest-loaded wheel the pull exerted vdthout 
any slip on the road was certainly considerably in excess of 35 
per cent, of the insistent weight. 

/ have had a wide experience in traetton-engine haulage on 
roads, amd I have never yet heard of any remits approaching these 
figv/res as to satisfactory coefficient of adhesion, and I am pleased, 
therefore, to say that in this respect the results of the test are so 
satisfactory as to promise a great future for the engine. 

I made a fourth set of trials in order to observe the effect of 
the special arrangement of the springs, and of Mr. Diplock's 
gearing for enabling the two axles to accommodate themselves to 
considerable inequalities in the road surface. The engine was at 
my request driven over obstacles so irregularly placed that they 
were encountered by the wheels on either side of the engine; 
they were so high that an engine of ordinary form would have 
been so jerked about as to have thrown the drivers off their seats, 
but in this case the engine was driven over them backwards and 
forwards several times without any difficulty, and with an extra- 
ordinary absence from shock or vibration, the compensating gear 
allowing each wheel to rise, lifting the engine through only half 
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the height that it would ordinarily lift it in passing over the 
blocks and this half height was again diminished to some extent 
by the action of the springs. 

I consider that in this test Mr. Diplock's engine showed that 
his method of construction enables him to obtain all the advan- 
tages that I expected would be obtained when I made my first 
report on the invention at the time that I had only seen the 
drawings, but these tests have strongly confirmed me in my 
opinion that his invention is of great commercial value. 

The experimental engine in its present condition is not satis- 
factory. It will be necessary to make several alterations in the 
design, owing to miscalculations, which are quite excusable, con- 
sidering the difficulties which the designer had to contend with. 
There is no doubt that that portion of the framework which 
contains the compensating gear is too heavy, and that the boiler 
is too small for its work, so that the engine cannot make steam 
enough to utilize its magnificent hauling power. 

The tests of December 5, following on others which have been 
made by Mr. Bichard Muirhead on previous occasions, justify me 
in saying that I believe that the hauling power of Mr. Diplock's 
engine is fifty per cent, in excess of that of the ordinary form of 
hauling engines of the same total weight, and there is every 
possibility that the percentage of increase of hauling power may 
he even greater than this when the weight is more equally disposed 
over all four wheels than is the case in the experimental engine. 

As regards future commercial prospects, I think that, in 
view of what has already been done to make it effective, other 
engines should be built embodying the improvements that have 
already suggested themselves as to the proper strength and 
weight of parts, and the size and capacity of the boilers. 

Most of the advantages claimed in the original prospectus by 
Mr. Diplock have been proved by these experiments; some of 
them, such as the reduced wear and tear, can, however, only be 
ascertained by extended use of the engines on a commercial scale, 
but I see no reason why these claims should not also be sub- 
stantiated, especially when the spring movement has shown itself 
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to be so satisfactory^ and hence so certain to reduce the wear and 
tear of the parts. 

At the present time, when the attention of every one in- 
terested in haulage engines has been called to the necessity of 
developing means of Imuling oHillery of much greater weight 
than was before deemed necessary into positions where the 
hauling engines must necessarily pass over extremely rough 
ground, the advantages of Mr. Diplock's engine are so great that 
it is unnecessary for me to enlarge upon them. 

Those who have used the ordinary form of engine, where the 
whole of the driving power is on one pair of wheels, will know 
how liable such engines are to lower their hind or driving wheels 
in the act of slipping, and hence, throwing out the loosened 
surface beneath the driving-wheels, the engine not only loses 
hauling power, but actually has to hoist itself out of an 
excavation that it has made for itself. 

With Mr. Diplock's engine, even if the wheels do slip and 
excavate the surface, the engine would remain level, or, as it 
might be said, " on an even keel," and consequently the difficulty 
of extricating the engine will be very greatly lessened. 

Finally, I may say that I am much impressed by what Mr. 
Diplock's invention has demonstrated by experiments, and I 
strongly recommend the construction of another engine on the 
same principle but of better design, as in this way the further 
advantages that the invention undoubtedly has, can be best 
shown to military authorities, intending users, or to licensees. 

{Signed) E. E. Cbompton. 

Between Colonel Cromp ton's reports in 1894 and 
1899 a syndicate was formed and an engine built which 
successfully demonstrated the importance of the principle 
involved, but the experience thereby gained suggested 
improvements in the design which were deemed essential 
to secure good commercial results, and led to Colonel 
Cromj)ton's recommendation to build a second engine. 
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It is interesting to notice how accurately Colonef 
Crompton's forecast of 1894 was verified by the actual 
results, especially as regards the increase of total tractive 
power and the spring movement. At the time he made 
his forecast he had nothing before him but the somewhat 
crude patent-oflBce drawings, as the working drawings of 
the engine were not prepared till afterwards. . 

One important discovery arose out of the first trial 
of the engine in 1898. The wheels being all of equal 
size, it was erroneously assumed that the front and rear 
axles would revolve at fairly equal speeds, and that any 
slight difference would not materially affect the hauling 
power. Provision had, of course, been made by differential 
gear on each axle for the difference in speed between 
the near and off* wheels when turning comers; but the 
arrangement of the gearing did not admit of one dxle 
and its wheels, as a whole, revolving faster than the 
other. The result was an extraordinary loss of power, 
which was at first erroneously ascribed to the friction of 
the somewhat numerous gear-wheels, but eventually the 
author arrived at what has since proved to be the correct 
solution of the problem, viz. that, owing to the in- 
equalities in the road surface and the difference in the 
spring action on each axle, the two axles do not revolve at 
adaptable speeds, and that the battle going on between 
them absorbed nearly the whole power of the engine ! 

This led to the author's patent for the application of 
a third differential gear to take effect between the two 
axles, in addition to the differential gear on each axle 
already referred to. It may be mentioned incidentally 
that this patent is applicable to motor-cars and other 
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vehicles when driving all four wheels by one motive power. 
The practical introduction of the third differential gear 
into an engine already constructed presented many diflS- 
culties, but these were eventually overcome, and pro- 
duced the desired result. 

The importance of driving all the wheels through 
differential gears from one motive power, instead of a 
separate motive power to each wheel or pair of wheels, lies 
in the fact that each heat of the engine is distributed simul- 
taneously over all four driving-wheels, producing the same 
effect as in a boat when all the oarsmen pull together. 

A series of trials, with the assistance of Mr. E. 
Muirhead and Mr. Watson Foggo, to ascertain the 
indicated horse-power of the engine under different 
conditions produced some interesting figures, of which 
the following is a summary : — 
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The author believes that this is the first occasion on 
which the I.H.P. of a traction-engine has been tested 
when actually travelling on the road, and it is worthy of 
notice that the power absorbed in the friction of the 
engine and gearing is not excessive. " 

It is a well-known engineering theory that the total 
friction between two plane surfaces is not materially 
affected by the increase or reduction of the area of the 
surfaces in contact, provided that the total weight on 
these surfaces remains the same. Arguing on this theory, 
it would appear that spreading the total weight of the 
engine over four driving-wheels instead of over two 
should give the same hauling power in proportion to 
the same total weight. Notwithstanding this, several 
engineers predicted that the reduction of the weight on 
each individual driving-wheel, in road work, would have 
the effect of reducing the total hauling power, or, as one 
engineer put it, the wheels would go round like a cat 
scratching, and not pull anything. 

As a matter of fact, the exact opposite took place, 
and, as will be seen in Colonel Crompton's report of 1899, 
the hauling power was increased certainly 50 per cent, 
in proportion to the total weight, and possibly more, but 
the boiler and cylinder power provided in the engine 
were not sufficient to test the full extent of the increased 
adhesion obtained. It should be borne in mind that this 
increase of hauling power is obtained with a considerable 
reduction of weight on each driving-wheel, the total 
weight being spread over four wheels instead of two. 

This is only another example of the futility of basing 
a conclusion on a theory in which the conditions are 
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not identical; in other words, a road is not a plane 
surface. 

Frictional adhesion on roads is thus governed by 
two factors ; one is area of surface contact^ and the other 
is weight. The experiments described clearly show a 
result which is of supreme importance to road work, viz. 
that on roads area of surface contact counts for more than 
weight in obtaining adhesion. The demonstration of this 
fact led the author to the invention next described. 



CHAPTER III. 



THE ''PEDBAIL." 

Before describing the Pedrail it will perhaps be interest- 
ing to the reader to hear the further reasons which led to 
its evolution. It is well known that nature's great pulling 
instrument, the horse, possesses a hauling power altogether 
out of proportion to its weight, and it is therefore evident 
that the more nearly a mechanical tractive instrument 
assimilates in principle to the structure of the horse the 
better will be the result. A horse puts down a foot, to 
which is attached a leg, or lever, and the foot is mounted 
on an ankle-joint which enables it to twist to any reason- 
able angle to suit the surface of the road. To imitate 
this was all plain sailing so far as adhesion was concerned, 
but, as already described, another condition had to be 
considered, namely, road-resistance. It was quite clear 
that the minimum of road-resistance would be obtained 
by rolling metal on metal, as in a railway^ and as a result 
the Pedrail is, as its name implies, a railway on feet, or, in 
other words, a combination of an endless railway with a 
trotting machine. 

It only requires a little consideration to see that a 
wheel, though commonly used as a driving instrument on 
tr.cti;„.enie«, motor-L, bicydes. etafi, not redly . 
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suitable pulling instrument at all ; it is only a rolling 
instrument for reducing friction, and was never intended 
for anything else. 

The sketch or drawing, Fig. 3, will best show how the 
required conditions have been carried out. 




Fig. 3. 



A is a disc keyed or fastened to the driving axle ; 
mounted in the disc are sixteen sliding spokes, and on the 
outer end of each spoke is a foot, B, pivoted by a ball- 
and-socket joint so that it can turn to any reasonable 
angle to suit the surface of the road. On one side of 
each spoke, and projecting beyond the disc, is a small 
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wheel, or roller, C. The spokes are drawn inwards by 
springs (one to each spoke) on the other side of the disc, 
radiating from the centre. These springs are not shown 
in the drawing. 

Mounted on the axle-box I is a rail, D, pivoted to a 
flat plate or guide, E, forming part of the axle-box ; the 
pivot of the rail is free to rise and fall in a slot, F, in the 
plate E. The rail D supports the engine or vehicle by 
two springs, G, pressing against a top lever, H, pivoted 
to the top of the axle-box \. The two inner springs, J, 
only serve to steady the top lever, H. Two guides, K, 
are provided to lead the rollers O under the rail D. 

The whole of the levers and springs mounted on the 
axle-box I come flat against the disc A, so that the 
rollers C, which project from the disc A, are arranged 
round the guides K and the rail D, as shown. 

The disc A, carrying the spokes, rollers, and feet, 
revolves, but the axle-box I, with its dependent lever, 
guides, rail, and springs, does not revolve, with the result 
that a roller starting from, say, the top of the disc, strikes 
on the guide K, and gradually forces the sliding spoke 
outwards, thereby enabling the foot to turn on its 
ankle-joint by its own weight as it comes down, and to 
drop with its flat surface on the road, the roller then 
passing under the rail as shown. The bottom of the rail 
is slightly arched, as shown by the dotted line, so that 
the varying height of the rollers caused by the spokes 
being sloped or upright is neutralized, and the soles of 
the feet present a uniform level surface to the road. 

Practically the Pedrail system places feet on the 
ground, each foot supporting a roller on edge, and a short 
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rail, supporting the load, is levered along by the spokes 
over the rollers. 

In an ordinary railway a rail is laid down and wheels 
are run over it ; in the Pedrail, wheels, or rollers, are laid 
down and the rail is run over them. The principle is 
the same, only the railway is inverted. The sliding 
spoke represents the horse's leg, or lever, and each leg is 
pivoted by an ankle-joint to its foot. 

By turning the railway upside down, the parts coming 
in contact with the road are broken up into a number of 
comparatively small feet, which can twist in varying 
directions as required. Previous attempts at endless 
railways have failed owing to the attempt to place the 
rail next the ground. The rail, presenting a long cumber- 
some surface to the road, did not lend or adapt itself to the 
varying inequalities of the road surface, and hence caused 
endless breakages and repairs. 

In Fig. 3 three feet are shown in contact with the 
road, and it will be seen that as the Pedrail moves forward 
one of these feet is lifted up before the corresponding 
foot at the other end of the rail comes down ; in other 
words, each Pedrail has two and three feet alternately 
on the ground, and if this is combined with the four- 
wheeled-driven traction-engine akeady described (i.e. 
four Pedrails), the number of feet on the ground per 
engine would never^ be less than eight, and might be 
twelve, or an average of, say, ten. Each of these feet on 
a full-sized Pedrail is about 9 inches in diameter, the feet 
being circular on plan to admit of their turning round 
when turning comers, etc. 

Compare this surface contact of 10 feet, each 9 inches 
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in diameter, with that obtained in a two-wheel-driven 
traction-engine, as shown in Fig. 4, in which the point of 
contact is quite small and inadequate. By using four 
Fedrails the proportionate surface adhesion is so enor- 
mously mcreased that the sUpping of the driving-wheels, 
so well known as the great traction-engine problem, would 
in the Pedrail system be practically an impossibility. 




Pig. 4. 

Attention is here drawn to a theory, which the author 
believes has not hitherto been advanced, viz. that a 
wheel in rolling on the road compresses the road by what 
may be described as a series of infinite gradations^ aptly 
illustrated by the squeezing action of the ordinary mangle. 
In other words, a road that would be strong enough to 
support a given weight spread simultaneously over a large 
area is unable to withstand the pressure which attacks it 
piece-meaL In Fig. 5 the shaded portion represents the 
section of a soft road that has been squeezed into a wedge- 
shaped wave iQ front of a wheel. It is clear that the 
•compression of the road particles is greatest at the 
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point A, and therefore that the density of the wedge- 
shaped wave lessens from A ^ *i^® point B, where it is 
theoretically softest. The wheel in rolling, however, 
commences its attack on the road at this softest point, B, 
gradually creeping forward inch by inch and mangling it 
down to the density of A. Compare this with Fig. 3, in 




Fig. 5. 

which there is no rolling motion on the road at all, and 
in which no wedge-shaped waves are possible ; the rolljLDg 
movement is in the inverted railway at a higher level. 
The feet come down at intermediate intervals^ each foot 
covering a large surface simultaneously ^ and they act 
like rammers, falling and rising almost vertically. Even 
with the same area of contact the supporting power of 
a road is thus very different when subjected to a ramming 
as compared with a rolling or mangling pressure. 

Moreover, any one foot alighting on a sufficiently 

D 
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hard projection in the road would lift the other feet off 
the ground, and increased weight would thus be concen- 
trated on the projection ; but if, on the other hand, any 
one foot conies down over a depression of moderate area 
in the road, no weight comes on it at all, as the adjoining 
foot or feet sustain the weight. 

An ordinary wheel would bump down into the depres- 
sion and make it worse. 

Here we have a very important result, viz. that the 
action of the Pedrail tends to beat down the projections 
without increasing the depressions in the road surface. 
In other words, a process that, so far as levels are con- 
cerned, would actually tend to improve the road ! 

The author foresees a future for the principle of the 
Pedrail as applied to steam rollers, which, as is well 
known, at present tend to roll the road into waves. 

Another important feature in the Pedrail is the 
arrangement of springs. In an ordinary traction-engine, 
even if fitted with some kind of spring arrangement, the 
wheels, axles, and axle-boxes, etc., representing some tons 
of weight, are destitute of springs, so far as their own 
weight is concerned^ the remainder of the engine being 
mounted on springs resting on, or dependent from, the 
axle-boxes. 

Of course, the ideal position for the spring medium 
is between the wheel, or Pedrail, and the road surface, as 
in pneumatic tyres on bicycles, cabs, carriages, etc. 
This spring medium is usually limited in elasticity, and 
a further and more elastic spring is generally provided 
under the vehicle body or bicycle saddle. The necessity 
of improved spring mounting and also increased surface 
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adhesion led to some very important experiments with 
rubber tyres on traction-engines, carried out by the 
Indian Government in 1873 to 1875, under the super- 
intendence of Colonel Crompton, who afterwards read 
a valuable paper on the subject at the Institution of 
Mechanical Engineers at Glasgow, in August, 1879. 
Although at the time the results were considered highly 
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satisfactory, rubber tyres for traction-engines have not 
come into general use, partly because of the great cost and 
partly because, being an elastic material instead of an 
elastic mechanism, it was found impossible to control the 
direction of the elasticity. 

The rubber became stretched horizontally under the 
wheel, as shown in Fig. 6, thus " bagging out " in front of 
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the wheel, and this also led to a creeping action of the 
rubber round the inner metal tyre, so that the ring of 
rubber wore away inside^ and became too large and loose 
on the metal tyre. Clips or metal armouring were found 

necessary outside the rubber to 
prevent this, and also to prevent 
undue wear of the external surface 
of the rubber ; but these did not 
work well under the conditions 
shown in Fig. 7. These experi- 
ments have led the author to the 
conclusion that what is required 
is an arrangement that will admit 
of considerable vertical elasticity, 
but in which no horizontal elas- 
ticity is possible. 

As already explained, two kinds 
of springs are generally used in 
road vehicles — one of limited 
elasticity, viz. the rubber tyre, and a second and much 
more elastic spring between the vehicle body and the 
axle. It stands to reason that as much as possible of 
the total mechanism should be above these second and 
more elastic springs, and that the parts actually helow 
them should be reduced to the smallest possible, weight 
and size commensurate with the necessary strength. 

In an ordinary traction-engine the parts below the 
springs amount to tons^ and these parts are destitute of 
springs, but in the Pedrail the only parts helow the springs 
(see Fig. 3) are the rail and the two or three feet actually 
on the ground, with their attendant spokes and rollers. 




Fig. 7. 
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By introducing rubber pads between the soles and 
shoes of the feet, as described later, even these parts are 
mounted on a spring medium corresponding to the rubber 
tyre; and the fact that the whole of the rest of the 
mechanism, including even the disc, the axle, and the 
axle-boxes, are hung on the second springs, constitutes an 
important gain in spring-mounting which must tend to 
greatly increase the life of the engine. 

As already mentioned, the life of an ordinary traction- 
engine is commercially about four or five years, whereas 
many of our railway locomotives have been running for 
thirty or forty years. The author sees no reason why, 
with an adequate arrangement of springs, the life of a 
road engine should not assimilate itself more nearly to 
that of the railway locomotive, and this should prove a 
very important gain as regards working expenses. 

It may also be mentioned here that lubrication, which 
forms so important an element in reducing wear and 
tear, has received very careful attention, the numerous 
working parts, in the Pedrail especially, being lubricated 
by a simple arrangement of one or two annular oil- 
chambers round the disc communicating with all the 
movements. These oil-chambers are easily and quickly 
filled, and hold a sufficient supply of lubricant for a long 
journey. All the working parts are enclosed in dust- 
tight, sheet-iron covers, with the exception of the sliding 
spokes and the ankle-joints, which are dealt with specially. 

The author found it practically impossible to protect 
the sliding spokes from dust or grit, and seeing that they 
must necessarily be lubricated to prevent undue wear, and 
that the lubricated surfaces are so close to the road, it 
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appeared certain that some dust and grit must necessarily 
adhere to the lubricant on the spokes, and thus be carried 
into the sliding-spoke bearings. This would undoubtedly 
sooner or later "scotch" the spokes and jam the mechanism. 
To obviate this the author introduced ball bearings to the 
sliding spokes, since experience with bicycle and other ball 
bearings has amply shown that they are not materially 
affected by grit, Kotary ball bearings are, of course, well 
known, but the author believes that ball bearings have 
not hitherto been applied to a reciprocating movement. 

The difficulty consisted in preventing the balls from 
shaking or falling to the wrong end of the groves, which 
would not only make them ineffectual, but would prevent 
them rolling, and thus cause them to wear " flat-sided " 
and out of shape. This difficulty has been overcome by a 
simple mechanical arrangement which automatically sets 
the balls in their right places once in every revolution, 
and this is supplemented by the introduction of spring clips 
which hold the balls in their correct positions during the 
movements. The arrangement has been tested in actual 
practice ; it works very satisfactorily, and does not appear 
likely to get out of order or give any trouble. 

It does not require much discernment to see that the 
construction of the feet of the Pedrail required very 
careful consideration and design. It is only when we 
attempt to copy it that we fully realize how beautifully 
a horse's ankle-joint or fetlock is formed to fulfil the 
purpose for which it is required. 

In the Pedrail feet the conditions, although not unlike, 
are yet not similar. The feet are not required to pass 
each other when stepping forward, as they travel over the 
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top of the disc, on a principle aptly illnstrated by the 
Manx Coat of Arms. 

Provision is, however, required for the varying dis- 
tances between the feet, according to the elope of the 
spokes or radius lines in relation to the tangential line 
of the road surface. It also is evident that if three feet 
are held rigidly in a line on the ground and with the 
weight of the engine pressing on tiie top of them, it would 
be impossible for the Pedrail to turn a comer. 



A description of Fig. 8 wiU best illustrate how the 
required conditions have been carried out. 

On the end of each spoke is a ball. A, which works 
between two cup-shaped blocks, B and C. The upper 
block is made in two parts, B and B', one inside the 
other, which gives a better movement and more lap over 
the ball than would a single one. 

The blocks B and C are held together by an outer 
covering or shoe, D, into which is screwed the sole E. 
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The screw admits of any wear of the parts being taken 
up, and the sole ifl prevented from unscrewing by a csotter 
and split pin, not shown in the drawing. All the parts 
are circular on plan, and it will be noticed that the blocks 
B and C are smaller in diameter than the shoe, so that 
they are free to slide about to a certain extent inside the 
shoe. Noise is prevented by a ring of leather secured 
round the block C. 

The ball-and-socket movement thus obtained repre- 



sents the ankle-joint, and the sliding movement enables 
the before-mentioned varying distance between the feet 
when on the ground to adjust itself. When turning 
comers two of the blocks, B, C, slide sideways in the shoes, 
and the ball of the third shoe (if on the ground) pivots. 

Dust is excluded by the flat ring F, surmounted by 
a series of metal rings (forming a hemisphere, G) which 
telescope over each other with the movement of the ankle- 
joint, as shown in Fig. 9, or, if preferred, a leather anklet 
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can be used for the same purpose. A mixture, preferably 
of castor-oil and black lead, inside the shoe should serve 
to keep the parts lubricated for several weeks, and would 
also keep the leather supple. 

The sole of the shoe E has a cone-shaped flange, inside 
of which are hard wooden segments, H, pressing against 
a rubber pad, I, pierced with holes to allow of compression. 
The segments are easy and cheap to renew when worn, 
and are held in place by a centre cone, J, fastened by a 
nut and split pin, K. The rubber pad I takes the place of 
the rubber tyre as the j^r5< spring medium. 

The parts are put together in such manner that nothing 
can possibly work loose — a very necessary provision. 

Reference to Fig. 3 will show that the feet are held 
tight against the disc when travelling over the upper half, 
but are free to swing on their ankle-joints round the lower 
half The object of this arrangement is to utilize the 
well-known fact that the upper half of a wheel travels so 
much faster than the lower half. The movement of the 
ankle-joint is a combination of centrifugal force checked 
in its horizontal forward velocity, and this force acts 
against the swing, due to gravity, of the shoe itself when 
free to turn on its ankle-joint ; the result being that the 
shoe should always fall on its sole. 

Another very important feature in the Pedrail must 
not be overlooked, viz. the oscillating rail. To return 
to our prototype, a horse when stepping on to rising 
ground shortens its leg by bending its knee. It will be 
noticed that the rail D (Fig. 3) is pivoted at its centre to 
the plate E, and when one of the feet steps on to rising 
ground the rail and other parts take the position which in 
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its extreme possible angle is shown in Fig. 10, with the 
result that the spoke shortens to suit the altered level, and 
what is more — to go one better than the horse ! — the spoke, 
or leg, at the other end of the rail lengthens^ and thus 




Fig. 10. 



continues to carry its share of the total weight. In effect 
the oscillating rail forms an inclined plane on rollers, 
well known as the best mechanical means of running a 
weight over an obstacle with the minimum of power. 



CHAPTER lY. 



BOLLING STOCK. 



The author has dealt at some length with the Pedrail, 
for the reason that it forms the main basis of the whole 
system, not only for the propelling power, or engine, but 
also for the rolling stock, or wagons. It is well known 
that traction-engine haulage according to existing practice 
does undoubtedly cause undue damage to the roads, 
especially in wet weather. This is partly caused by the 
somewhat barbarous system of obtaining adhesion by 
fixing cross-bars or strips on the driving-wheels which 
actually cut down into the surface of the road, but how 
large a proportion of the damage is caused by the heavily 
laden wagons^ each wheel of which is grinding down the 
road surface by " infinite gradations" according to the 
theory already explained, is not generally recognized. 

If only to minimize damage to the roads, the adoption 
of Pedrails for the wagons would be amply justified, but 
there is another and equally important reason, viz. the 
reduced " road-resistance." 

As already stated, "road-resistance" varies so enor- 
mously according to the state of the road, the weather, 
the size of the wheels, the weight on each wheel, and 
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the speed of locomotion, that it is practically impossible 
without actual experiment to form any correct estimate 
of its effect under any specified conditions, no record of 
results based on actual experiments in which all the 
governing factors have been taken into account being at 
present forthcoming. 

From the table of results compiled partly from data 
by Colonel Crompton (then Lieutenant Crompton) and 
quoted by Mr. John Head in his splendid paper on Steam 
Boad Locomotion in 1873, it may be assumed that road- 
resistance under average conditions is about ten times that 
on rails,^ and this assumption is supported by Telford and 

^ Extract from Treatise on the *' Bise and Progress of Steam Locomotion on 
Common Beads/' by John Head, 1873. 

'* The following table, compiled partly from data by Lieut. Crompton, and 
partly from other sources, will show the resistance of smooth rigid wheels in 
pounds per ton on different surfaces : — 

On very good pavement 

On good macadam ... 
On ordinary macadam 

On newly laid gravel 

On soft grass land ... 

On newly laid metal 

On a well-laid railway with moderate gradients ... 

From which it appears that even when the road is in the best order, the 
rolling resistance is about 8 times that on rails. With the road in an ordinary 
state, it is from 10 to 12 times, while on newly laid metal, the rolling resistance 
becomes nearly 50 times that on rails. As almost all roads contain inclines of 
1 in 20, or 1 in 30, and as many of them contain inclines of 1 in 10, it will be 
seen that the actual pull required to move 1 ton over many portions of 
macadamized roads amounts in some cases to more than 100 times that on a 
railway with moderate gradients. The difficulty of obtaining sufficient adhesion, 
and the wear and tear caused by rigid wheels without springs, have from time to 
time led to the trial of various devices for overcoming these defects, but extended 
experience seems to show that a rigid wheel, vdth wrought-iron diagonal bars on 
the periphery, is the cheapest driver, and that in many cases it is sufficiently 
reliable for the class of work for which road locomotives are usually required. 
At the same time, a great demand exists for a reliable ' flexible * wheel for use 
under certain circumstances where the ' rigid ' wheel is almost useless.'' 



35 lbs. 




60 


n 




90 


i» 




200 


» 




300 


» 




440 


n 




8 


«• 


to 10 lb3. 



ROLLING STOCK. 45 

Babage's data quoted in Professor Hele-Shaw's paper 
before referred to, but it does not appear that the size or 
width of the wheels, the weight on each wheel, or the 
speed have been taken adequately into consideration in 
the conclusions arrived at. There can be no doubt 
that road-resistance on a yielding surface increases very 
rapidly by, and out of proportion to, any increased weight 
on the wheels, and for heavy haulage this demands 
serious attention. 

Assuming, however, that the proportion of ten to one 
is correct, a traction-engine of sujQ&cient power to pull 25 
tons on an average road would pull 250 tons if the load 
were on rails, though the small diameter of the rollers, or 
rail- wheels, in the Pedrail would no doubt tend to a small 
increase of friction. Taking all the conditions, however, 
carefully into consideration, it may be assumed as a very 
safe and moderate estimate that the adoption of Fedrails 
on the wagons will reduce road-resistance by at least half 
(or a proportion of two to one instead of ten to one), and 
possibly much more. This would mean that an engine of 
equal power would pull at least double the load, or an 
engine of half the power would pull the same load. 

The proposed Pedrails for the wagons (see Fig. 11) 
would require to be somewhat differently designed, owing 
to the absence of motive, or lifting, power in the legs or 
sliding spokes, which would necessitate inequalities and 
obstacles in the road being surmounted entirely by the 
action of the inclined plane or rail. It will be noticed 
that the rail is therefore longer and more gradually sloped 
at the ends, and that the guides leading the rollers under 
the rail consequently slope inwards in a somewhat 
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triangular shape. The two springs shown are adjusted 
to carry a little more than the weight of the wagon 
when empty ^ and there is an arrangement under the 
frame of the wagon by which the power of a second pair 
of springs pressing on the centre of the rail can be easily 
adjusted on the principle of the steelyard to suit the load 




Fig. 11. 

in the wagons. This latter arrangement is so simple and 
easy and has such conspicuous advantages that it seems 
somewhat extraordinary that it is not already in general 
use. 

Fig. 12 is a side elevation showing the general 
arrangement of a wagon, and it will be noticed that 
under this system each wagon is divided in the middle 
by a special form of hinged joint, so that the front and 
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rear portions become what may be called two-wheeled 
wagons, but which in the absence of wheels may be 
better described as the Single-axle System. This arrange- 
ment has many advantages ; the Fedrails can all be larger 
in diameter and of uniform size, as none of them are re- 
quired to lock under the wagons when turning corners ; 



also, being of uniform size, they are interchangeable, and a 
few spare Pedrails at headquarters can be substituted 
bodily for any others requiring overhaul or repairs. 

In fact, this interchange of parts forms an important 
element in the system, as spare sliding spokes, feet, and 
other details can be carried on the train, and readily sub- 
stituted for &ny parts requiring attention or giving trouble 
when on the road. 

The main advantage, however, of the single-asle 
system is, that it enables a long train to turn round a 
sharp curve or comer. A comparison of Figs. 13 and 14 
will best illustrate this. Fig. 13 shows the position that 
the wheels of two four-wheeled wagons would assume 
when turning round in a circle in the direction shown by 
the arrow, with an ordinary draw-bar coupling between 
the two wagons hinging at J. It will be noticed that the 
near front wheel, marked A, of the first wagon and the off 
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hind wheel B of the second wagon are travelling on 
nearly the same curve ; in other words, the hind axle of 
the second wagon is practically the whole width of the 
wagon nearer to the centre of the curve. In a third 
wagon this loss on the radius of the curve would con- 
tinue in the same proportion, so that in a long train of 
these wagons it would be impossible to prevent the rear 
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wagons from running on to the pavement or into the 
hedge or ditch at the roadside. In ordinary traction- 
engine practice this difficulty is obviated by limiting the 
number of wagons and taking a wide sweep with the 
engine when turning comers, but, inasmuch as long trains 
form one of the axioms of the new system, it is evident 
that some better means of guiding the long train round 
corners is required. 

This is obtained in the single-axle system, as shown in 
Fig. 14, in which, as explained in the next paragraph, the 
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wagons follow each other in exactly the same tracks^ and 
it is evident that by this system a train of any length- 
barring side-skidding of the Pedrails— can be taken round 
any comer. It may also be pointed out that the Pedrails 
give so large a surface contact for adhesion that the danger 
of side-skidding with a train of any reasonable length is 
practically nil. 

It has been proved theoretically and by actual ex- 
periment that if a vehicle or a train of vehicles travels in 
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a curve round any given centre, each axle must necessarily 
radiate from that centre. 

This condition is fulfilled in Figs. 13 and 14, but with 
this difference — that;, whereas in Fig. 14 each axle radiating 
from a common centre is at the same distance^ or radius, 
from that centre^ in Fig. 13 it is evident that the fore- 
carriage axles CC and EE pivoting at the points M and 
N must necessarily be further from the centre than the 

E 
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rear axles DD and FF, or, in other words, they are 
travelling in each case in another track, or radius. 

In Fig. 14, the axles being equidistant from the 
centre, the wheels are travelling in the same tracks, and 
this result is obtained by the special form of hinged 
joint (already mentioned) at H, which, being placed 
equidistantly from the front axles KK and the rear axles 
LL of each wagon, admits of the necessary geometrical 
conditions being fulfilled. The same result could be 
obtained in a four-wheeled wagon by pivoting both 
axles, but it would involve so many mechanical compli- 
cations that the single-axle system is preferable. 

The hinged joint H must not be confused with the 
ordinary draw-bar coupling J between each wagon^ 
which is the same in Figs. 13 and 14, and it will be 
observed that in Fig. 13 the coupling at J enables the 
fore-carriage axle EE of No. 2 wagon to follow in the 
tracks of the rear axle DD of No. 1 wagon. 

It may here be pointed out that if any coupling or 
joint (J or H) is moved towards the axle preceding it, 
the train will follow in a decreasing radius ; and vice versd 
if any coupling or joint is moved towards the axle 
following it, the train will follow in an increasing radius. 
This principle is utilized in the interchangeable draw-bar 
system explained later. 

The most important feature, however, in the rolling 
stock, and perhaps even in the whole scheme, is what 
may be described as the Wagon-body System. It will 
be noticed that the bodies of the wagons are fitted with 
lifting-straps (Fig. 12), and that there are two bodies, or 
boxes, to each axle. These boxes are loose, and can be 
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lifted off the frames of the wagons, the latter being 
built practically in skeleton form. The boxes shown 
in Fig. 12 are 6 ft. long (resting transversely on the 
wagon-frames), 3 ft. 9 ins. wide, and 3 ft. high. The 
sizes are arranged partly to suit the most convenient 
width of wagon for road work, and partly to provide 
that four of them shall comfortably fill an ordinary rail- 
way truck. There are projections or dowels on the 
bottoms of the boxes, which fit inside the frames and 
also serve to keep the bottoms dry when the boxes are 
standing on wet ground. These projections fit into the 
tops of the boxes, and they can therefore be piled one on 
the top of the other when filled with light and bulky 
goods, so that each axle may be loaded to its full carry- 
ing capacity, and haulage of unnecessary dead weight 
thus be avoided. Moreover, some of the frames can be 
made 3 ft. 9 ins. longer, in order to carry three of the 
boxes in a row instead of two, as shown. 

It must not be supposed, however, that the boxes are 
confined to the above arbitrary sizes or shapes; they 
can be 7 ft. 6 ins. x 3 ft. on plan, or 7 ft 6 ins. x 6 ft, 
or 11 ft 3 ins. x 3 ft, and so on, or loose, flat plat- 
forms without sides can be used instead of boxes. Some 
of these platforms could be fitted with turn-tables, so that 
very long goods, such as baulks of timber, could be laid 
along two wagon-frames, and some of the upper tiers of 
boxes could also have sides sloping outwards for loading 
hay, straw, or market-garden produce, or open crates 
could be substituted for boxes. In fact, it is evident 
that, provided the projections or dowels are made to a 
common standard, the shapes and sizes of the boxes, 
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platforms, or crates, can be varied to an almost unlimited 
extent to suit the goods traffic of any district; except 
that, if the sides slope outwards they would not be so 
suitable for fitting in railway trucks, and would probably 
only be used for local traffic. 

• It may be mentioned here that the second experi- 
mental engine or locomotive has been built and tested 
by the Syndicate before mentioned, and will be fully 
described in a later chapter, but the wagons, although 
fully designed, are not yet built. 

For the present it is sufficient to state that this No. 2 
engine is mounted on Pedrails, and includes a crane of 
sufficient power to lift the wagon-boxes up to a total 
weight of 4 tons, and to transport them along the road 
wherever required. The jib of the crane is telescopic, so 
that it can be shortened to pass under bridges on the 
road, or extended to a sufficient height to load or unload 
the upper tiers of boxes on the train. This use of the 
extended crane-jib is only intended for lighter goods, 
owing to the extra leverage on the jib ; but, apart from 
this, the heavy goods would naturally be loaded in the 
lower tiers of boxes. The crane-jib slues round a half 
circle, so that the locomotive can travel parallel to, and 
alongside, the whole length of the train, and load or 
unload wagon-boxes wherever required. 

The hinged joint H (Fig. 14) in the centre of each 
wagon is so designed that, whilst rigidly preventing the 
frames from tipping up on the single axles (even against 
the stress of a powerful brake), it yet admits of a free 
hinge action when turning corners, and also allows the 
two axles to oscillate in opposite directions, to an almost 
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unlimited extent, when passing over uneven ground. 
The front and rear halves of each wagon, including the 
two halves of the hinged joints are exactly alike in every 
detail, and are thus interchangeable. For instance, two 
rear halves, or two front halves, can be easily turned 
round and joined together to form a complete wagon. 




Pig. 15. 

This would be a convenience in the very likely event of 
portions of two wagons requiring repairs, as the other 
halves of the wagons could be used whilst the repairs 
are being effected. The method of loading and unloading 
the wagon-boxes is illustrated in Fig. 15, and it will be 
seen that the sliding-screw strut at A prevents the load 
on the jib from tipping the locomotive over. 
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Fig. 16 illustrates the method of transporting the 
wagon-boxes to or from the wagons. The box is first 
landed on the ground, then the locomotive approaches it 
near enough to attach the two short chains at B, the 
box is then lifted by the crane a few inches from the 
ground, and the two short chains prevent it from swing- 
ing about and disturbing the equilibrium of the loco- 
motive. It is also plainly desirable, when travelling 




Pig. 16. 

with the box hanging behind, to have it close to the 
crane-post, as shown, and thus to reduce the leverage of 
the back weight as much as possible. 

In order that the locomotive may be spared the strain 
of starting the whole train at once, each draw-bar contains 
a strong volute spring. This not only avoids all jerks 
in starting, but each wagon, being started separately, 
helps, by its own volume of weight in motion, to start 
the next. 

It will be noticed that there is a draw-bar hanging 
at ecunh outer end of the wagon, and it should be 
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explained that the hinge end of each draw-bar has a 
funnel-shaped coupling and draw-bar pin in the centre 
of the hinge. This not only makes the outer ends of 
the wagons alike and interchangeable, but when two 
outer ends come together either draw-bar can be used, 
the unused one hanging loose, as in Fig. 12, and the 
wagoner can therefore couple his wagons to pivot at A or 
B (Fig. 12), alternately or otherwise, at any part of the 
train, as he finds by experience will best serve in turning 
comers, or in the event of side-skidding or other causes 
rendering this necessary. The draw-bars being all in 
duplicate, the train can be pulled from either end as in 
railways, and the difficulty of turning a long train round 
in narrow roads or at termini is thus avoided. Another 
great advantage of the wagon-box-and-crane system is 
that the skeleton wagon-frames need never be un- 
coupled during transport, and the boxes being lifted off 
bodily by the crane at termini, etc., shunting of wagons 
is absolutely abolished. 

The locomotive with a wagon-box slung behind can 
be backed into narrow embayments and spaces, where 
shunting operations would be impossible. 

Also the wagon-box can be landed at varying levels^ 
such as on the platform of a goods station or on the 
ground as required, and as each wagon-box is fitted 
with a hinged side-door, goods can be trucked by hand 
into the wagon-boxes at the same level as that in 
which the goods may happen to be stacked or stored. 

The author estimates that the power and adhesion of 
No. 2 engine will be sufficient to pull a long train of 
wagons (if mounted on Pedrails) on level roads and 
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over easy gradients. Moderate gradients might also be 
surmounted by using the second or slow-speed gear of 
the engine, but it must be borne in mind that the use 
of Pedrails, although reducing road-resistance, does not 
reduce the pull, due to gravity, up an incline, and for 
steeper gradients, with long and heavy trains, some 
further provision is required. This is met by a powerful 
winding-drum and rope mounted centrally in the tail of 
the engine-frame. All traction-engines are fitted with 
winding-drums, but they are mounted on the road-wheel 
axles at the side of the engine, and involve a cumber- 
some process of putting in locking-pins, blocking the 
wheels, and other arrangements not suitable for frequent 
use. The winding drum on No. 2 engine is mounted on 
a separate shafts it is operated by simply moving a lever 
on the foot-plate, and is quite independent of the Pedrail 
driving- gear. 

The plan of operations is as follows : The locomotive 
proceeds up the hill, taking with it two or more wagons, 
according to the gradient, and leaving the loose end ot 
the wire rope passed under these wagons and attached 
to the foremost wagon left behind. The limit of the 
rope, say seventy yards, having been reached, powerful 
brakes are applied to the front portion of the train, and 
it is used as an anchorage for winding the rear portion 
after it. This process is repeated till the hill is surmounted 
In turning curves up a hill it is evident that the process 
must be repeated at shorter intervals than seventy yards. 
It may be pointed out that the brakes are applied on the 
wagons of the front portion as well as on the engine, and 
as all are mounted on Pedrails the large surface adhesion 
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and weight thus obtained provides ample anchorage for 
the winding operations. It is, of course, understood that, 
whilst the front portion of the train is proceeding up the 
hill, the brakes are applied to the rear portion, and not 
removed until the front portion is " anchored." A light 
permanent brake prevents the winding-drum over-running 
when paying out slack rope. 

When descending hills the wagons are controlled by 
pneumatic brakes^ worked from the engine, and being 
thus under the control of the driver, he is not only able 
to prevent the wagons over-running each other and zig- 
zagging down the hill, but also to prevent oi;^r-application 
of the brakes by the wagoners, and the consequent waste 
of steam power in pulling a train down-hill, an occurrence 
that might easily happen, especially with long trains. 

By a simple arrangement of links the same brakes can 
also be applied by hand when the engine is uncoupled from 
the train. These hand-brakes are designed so that they 
can be operated from either side of the train, and without 
requiring the wagoners to incur the dangerous risk of 
standing inside the track of the Pedrails. 

When descending hills additional hand-brake power 
can be applied by the wagoners to the rearmost wagon, 
thus materially supplementing the provision against zig- 
zagging already referred to. 

^ The author is indebted to Mr. Alfred Holt for this suggestion. 



CHAPTER V. 

NO. 2 ENGINE. 

The design and construction of an engine to comprise so 
many new features was necessarily a lengthy business. 
The drawings of No. 2 engine were commenced about 
October, 1899, but it was not until more than two years 
later that the author was in a position to invite Professor 
H. S. Hele-Shaw, LL.D., F.E.S., etc., to witness, and 
report on, an actual trial. Professor Hele-Shaw is too 
well known in engineering circles, as an authority on 
Boad Locomotion, to need any introduction, but the 
author, at their first meeting, was agreeably surprised 
to find him already "primed" on all the main features 
and advantages of the Pedrail ! 

The explanation, though not unusual, is interesting. 
It is not the first time that two minds, working inde- 
pendently at the same problem, have arrived at the same 
conclusions almost simultaneously. In this case, each had 
constructed models, which were curiously alike in their 
main principles, although not equally complete in details, 
and it should be recorded, that if Professor Hele-Shaw 
had had sufficient leisure to prosecute his study of the 
problem more effectually he would, in the author's opinion, 
have arrived at a solution. 
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The Professor's previous study of the Pedrail principle 
was, however, not wasted — it had one good result : time 
was not required for consideration and discussion ; he was 
in a position, on witnessing the trial of No. 2 engine, to 
at once write the following somewhat remarkable report in 
its favour : — 

Kbport on the Diplock Traction-Engine. 

University College, Liverpool, 
January 29, 1902. 

The President of the Institution of Mechanical Engineers in 
1898 stated in his inaugural address that the annual train-mileage 
in this country had increased during thirty years from 200 
millions to 350 millions, and remarked that our iron roads are 
the arteries and veins of the nation. It is not surprising that 
the great development in our main lines of trafiGic has led, during 
the last few years, to a general awakening in this country to the 
necessity of improving our means of road locomotion, and it is 
now generally realized what immense possibilities there are in 
this direction. ^ 

In presenting this report, I think it best to separate the 
motive power and general construction of the Diplock Traction 
Engine from Mr. Diplock's substitute for an ordinary wheel 
which he has named a "Pedrail." The traction-engine itself 
contains a number of improvements, and at least two important 
departures from anything which has been hitherto successfully 
accomplished. The Pedrail, however, constitutes, in my belief, 
the successful solution of a walking machine, which, whilst 
obviating the chief objections to the ordinary wheel running 
upon the road, can be made to travel anywhere where an ordinary 
wheel can go, and in many places where it cannot. At the same 
time, it has the mechanical advantages which have made the 
railway system such a phenomenal success. It constitutes, in my 
belief, the solution of one of the most difficult mechanical 
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problems, and deserves to be considered as an invention quite 
apart from any particular means by which it is actuated, whether 
it is placed upon a self-propelled carriage or a vehicle drawn by 
any agency, mechanical or otherwise. 



General Featv/res. 

Design. — Commencing with the general structure of the 
engine, boiler, and framework, I may remark that, considering 
the radical departure from all previous ideas, the whole presents 
an admirable example of the highest class of design, and reflects 
the greatest credit on both the makers and designer. 

^ Boiler, — ^The boiler seems to have most satisfactory steaming 
capacity, which is not only attained by ample proportions and 
good design, but by the special introduction of the latest feature 
in modem locomotive practice, viz. the use of cross-tubes in the 
fire-box; and it may be remarked in passing that the way in 
which these cross-tubes are arranged and attached seems to me 
admirably calculated to strengthen the boiler, as well as to 
enable cleaning and repairs to be easily effected. 

Engines, — With a working steam-pressure of 160 lbs., the 
engines — which are compound — must give, at a not unreasonable 
speed, at least 108 I.H.P., the cylinders being respectively 6J in. 
and 10 in. diameter, with a 10-in. stroke. 

Bye-pass, — The bye-pass valve, enabling the driver to admit 
high-pressure steam to the low-pressure cylinder for starting 
purposes, contains an entirely novel feature. The novelty con- 
sists in the absence of seated valves in the steam-chest, and in 
the fact that, with one slide-valve and the movement of one 
lever, the engine becomes single-acting, with both cylinders at 
high pressure, exhausting direct into the funnel. In doing this, 
it may be stated that the highest possible pressure on the low- 
pressure piston would not rise to above about 5 tons, so that 
there would be no danger of excessive strains. 

Crank-shaft and Bearings, — The arrangement of the crank- 
shaft and four bearings is such that the bearings are quite close 
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up to the cranks^ whilst the driving pinions between the two 
centre bearings being in the middle of the crank-shaft instead of 
at the end, as they mostly are, seem to me to ensure sufficient 
stiffness and accurate engagement in the gearing, a most im- 
portant consideration. I belieye I am correct in saying that this 
is the only traction-engine in which the pinions are between the 
cranks, and the bearings close up on each side of each crank ; 
indeed, throughout the whole engine, all the driving gear are 
between bearings on short shafts without any overhang. 

Absence of Back-lash, — A very important novelty is the 
arrangement of the position of the gear-wheels in relation to the 
springs, by which the spring action is utilized to ensure the entire 
absence of back-lash in the gear. It is well known that the great 
wear and noise of the gear-wheels in ordinary traction-engines is 
caused almost entirely by the constant hammering of the gear- 
teeth due to back-lash. 

Speed. — The gearing is so arranged that at the slow speed the 
ratio is 29*6 to 1, and the fast speed 14*2 to 1 ; thus the actual 
speed on the road would be — 

Fast-speed gear at 400 revolutioDs per minute = 5*02 miles per hour. 
>> » » 320 „ „ „ = 4*0 „ „ 

With slow-speed gear, the speeds on the road would be about 
one-half the above, and the construction of the engines, the 
allowance of guide-block surface and of glands, etc., is such that 
400 revolutions per minute may be considered a reasonable value 
for a life of many years. 

Simtdtaneous Driving. — The way in which all four wheels are 
driven simultaneously so as to give the maximum pulling effect 
by means of elastic connection, is in itself sufficient to mark the 
engine as a most valuable departure from common practice. 
Hitherto this driving of four wheels has never been successfully 
achieved, partly because of the difficulty of the turning of the 
steering-wheels, and partly because, until the present invention 
of Mr. Diplock, the front and hind wheels would act against each 
other, a defect at first experienced and overcome by the inventor 
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in his first engine. This is one of the most interesting features 
of the engine. 

Triangular Spring Fraines, — The most important point, 
however, not even excepting the simultaneous driving, is the 
arrangement of triangular spring frames. This invention is so 
ingenious that it would require drawings to explain, but it may 
be said that it enables the axles to take every possible movement 
in meeting an obstacle, or in passing over rough ground in a way 
that could not be believed unless actually witnessed. I do not 
think there has ever been a traction-engine made in which the axles 
are enabled to take even a small proportion of the movements of 
the Diplock Engine without interfering with the gearing or wheels. 
The latter result is partly ensured by the use of a spherical bear- 
ing upon which the wheels work and in which the axle turns. 

Winding-Drvmi, — A winding-drum is provided for winding 
wagons uphill in a way that I will refer to in dealing with the 
actual trials, but this winding-drum itself has some important 
features which show that it has been carefully designed, and not 
merely attached as a sort of after-thought, and I have no doubt 
that it could be used, if necessary, for assisting the engine itself 
(in the very unlikely event of its being unable to move on soft 
ground), by using an anchor. 

Crane, — Another remarkable feature of the general structure 
is the provision of a crane which takes the rope up the centra of 
the pillar, so that it is always in line with the top pulley in 
turning the jib. The crane is provided with a telescopic jib, with 
a short length for heavy loads and capable of being lengthened 
out for light loads. A crane-strut, so as to insure stability and 
stiffness in raising a heavy load is another important feature of 
the crane. I have witnessed the operation of the crane in lifting 
a load of more than a ton, and found the jib worked in swinging 
very easily and smoothly. I am informed that the crane is 
designed to lift four tons. 

I have devoted a good deal of space to the engine and frame- 
work, because they would ensure in themselves an excellent 
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traction-engine^ far superior^ I believe, to any one in existence, 
even if ordinary wheels were nsed ; but I now come to the part 
which will doubtless excite more general attention, viz. the 
Pedrail. 



The Pedrail System. 

I should like to say, before commencing to discuss the details 
of this invention, that as a result of long study of the problem of 
the wheel upon the road, and as a careful observer of the behaviour 
of motor-wagons and traction-engines, I had previously come 
to the conclusion that the ordinary wheel had reached the utmost 
limits of its possibilities for purposes of heavy traffic. If this be 
admitted we are driven to the conclusion that some form of 
walking machine (in which the heaviest loads could be carried, 
and an enormous tractive force obtained, without entailing the 
destruction of the road surface, upon which the machine rests) is 
the only solution of the problem. I knew, of course, that there 
were great mechanical difficulties to be overcome, and that the 
solution must be essentially of a practical nature, involving 
numerous details. Hence, when I went into the details of the 
Pedrail, and saw how in every direction Mr. Diplock had grappled 
with these mechanical difficulties and had successfully sur- 
mounted them, I realized that there was every hope of ultimate 
success. 

It would be idle to ignore or minimize the great difficulties 
which have prevented engineers from attaining success with any 
form of walking machine. These difficulties have hitherto pre- 
vented any successful results being obtained, although numerous 
attempts have been made in this direction ; and therefore I have 
looked forward with very great interest to the trials of which I 
give an account at the end of this report. I will state at once 
that before seeing Mr. Diplock's invention I had come to the 
conclusion that if this mechanical problem could be solved, it 
must have an enormous future, and I will so far anticipate my 
remarks as to say that, after witnessing the trial of this system, 
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I believe that Mr. Diplock, by his invention of the Pedrail, has 
secured a means which makes it possible to draw a load not 
merely over roads, but over agricultural land, fields, and plains, 
and even to climb mountains. In a word, not only has he, in my 
belief, a tractive agency which makes his vehicle able to traverse 
the worst possible roads without the slightest difficulty, or to pass 
over ordinary roads in ^ny weather without doing the slightest 
injury to them, but that he has solved the problem of a self- 
propelled vehicle and traction-engine which is absolutely inde- 
pendent of roads at all. The possibilities which open up before 
the mind are such as would carry me beyond the sober language 
of an engineer's report, but I am prepared to assert my belief 
that the Pedrail is destined to revolutionize our ideas upon road 
traction and road transport generally. 

I will now proceed to a very brief statement of its salient 
points, and to answer the chief doubts which may be raised con- 
cerning its practical success. 

Design of Pedrail. — The Pedrail may be briefly said to consist 
of a rail somewhat in the form of an inverted heart, round which 
passes in succession a number of small wheels or rollers each 
carrying a circular foot. Imagine a number of steel spokes to 
be all that remains of the ordinary wheel, each of these steel 
spokes having one of the rollers with the foot attached mounted 
on it. When the engine drives the axle carrying the spokes, 
these feet are placed in succession upon the ground with the 
roller upwards. The lower part of the heart-shaped rail slides 
upon the roller which it finds beneath it, until it has passed off 
the roller, which is then picked up and carried over to the front 
part of the rail in order to take its place again in supporting the 
vehicle. 

The essential feature of the invention consists in breaking up 
the surface contact of each Pedrail with the road into a number 
of feet, the feet being free to tilt in varying directions to suit the 
inequalities of the road, each foot carying a roller for the rail to 
slide over. Moreover, this rail is not rigid but oscillating, and 
automatically forms an inclined plane for mounting upon or 
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running off the rollers when they are raised above their normal 
level by the feet encountering obstacles in the road. 

There are four Pedrails, corresponding to the four wheels, 
and the self-contained nature of the Pedrail is shown by the 
fact that the Diplock Traction-Engine can either be fitted with 
four Fedrails or four wheels. 

Inasmuch as each Pedrail has three circular feet each 11 
inches in diameter in contact with the ground at once, the weight 
of the engine is spread over no less than twelve feet, each one 
of which presses upon the ground with an area immensely greater 
— probably as much as ten times greater — than that of all the 
wheels taken together on a hard road. 

Upon a soft road all comparison between wheels and the 
action of these feet really ceases. The wheel cannot roll except 
upon a geometrical line of contact, anything in excess of this 
can be proved both theoretically and experimentally to involve 
a rubbing and grinding action, whereas the contact of each of 
the feet of the Pedrail is absolutely free from all slipping action, 
and attains the absolute ideal of working, being merely placed 
in position without sliding to take up the load, and then lifted 
up again without any sliding to be carried to a new position on 
the road. 

Answers to Possible Objections. — The first and most important 
objection to be raised to the Pedrail is its complex nature. 
This is not apparent from the outside, as it is neatly cased in, 
and nothing but the moving feet are visible. 

Engineers, however, have long realized that complexity does 
not necessarily mean complication, and that the higher the scale of 
invention the greater the necessity for complexity in a machine ; 
that no machine which performs a dijScult mechanical .process 
can be expected to be simple, and hence the tendency of all 
invention is not in the direction — as is erroneously thought — 
of simplicity, however simplified the externals may be, but in 
the direction of attaining a higher result by more perfect 
mechanical devices. 

The Pedrail imitates, with modifications suitable to a 

F 
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mechanical device, that most complex of all structures, the living 
animal, and it is not to be wondered that the solution of this 
mechanical problem has required an ingenuity and fertility of 
resource by Mr. Diplock which must be described as little short 
of marvellous. 

Having, I think, disposed of the theoretical objection to 
complexity, I now turn to the question of its practical efficiency. 
There are two ways in which this must be answered : first, by a 
due consideration of all the details; secondly, by the results of 
actual trial. Dealing here with the former, I will briefly point 
out that the chief danger arises from three causes : — 

1. The unavoidable presence of dust in the sunmier and 
mud in the winter upon the exposed working parts of any road 
vehicle. 

2. The danger of weakness in parts.of a complex structure and 
liability to break down, and also excessive wear. 

3. Costliness. 

1. It may be at once said that the whole of the working parts, 
with the exception of the projecting square steel spokes (which 
work in and out from a central box) and the rollers, are absolutely 
dust and dirt proof, and are lubricated automatically from one 
central supply chamber, which holds a surplus supply of oil. 
The square spokes work in and out upon reciprocating ball 
bearings of the most ingenious design, and even these spokes 
have special provision of renewable dust-proof plates round them. 

The feet, which naturally have to work in the dust and mud, 
have a beautiful ball-and-socket joint, enabling them to take any 
position in treading upon a stone or projecting obstacle. This 
ball-and-socket joint is protected from dust by a steel cap, after 
the form of the joint of a shell-fish, and may be called a ^^ crusta- 
cean " joint. The feet themselves are filled with tallow and black 
lead to act as a lubricant. 

No attempt has been made to have ordinary lubrication to the 
rollers ; they are bushed with gun-metal bearings, in which are 
inserted graphite plugs. An examination of one of these rollers 
after a trial showed that the graphite lubrication answers 
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admirably^ and apparently would act nearly as well^ however 
dusty the state of the roads. 

2. Concerning the possible weakness of parts, it is enough to 
say that there is no working part that does not admit of sufficient 
strength to ensure satisfactory working, and that screw adjust- 
ment for wear is provided throughout, even in the ball-bearings 
of the sliding spokes. 

3. Concerning the costliness, there is no doubt that the first 
Fedrail has been an expensive article, but there is the most 
important of all considerations in regard to its future manu- 
facture, viz. the repetition of similar parts. There is no doubt 
that all the parts of the Pedrail (except the rail) consist of com- 
paratively small pieces, which can be turned out by automatic 
machines, and many parts even stamped complete. It would be 
going too far to say that the Fedrail could ever be made as 
cheaply as an ordinary wheel, yet I venture to think there is 
nothing about it that prevents its ultimately being made at a 
comparatively low cost. 

Trials, 

On January 8th, I visited Stoke in order to see the actual 
trial of the engine, and as my report is already, I fear, of great 
length, I will condense this portion as much as possible. 

The actual traction-engine rested on two Pedrails in front 
and two ordinary traction-engine (temporary) wheels behind, and 
proceeded to mount the steepest hill in the neighbourhood. The 
points which struck me immediately were : (1) the marvellous ease 
with which it started into motion, and (2) the little noise with 
which it worked. I have never witnessed a traction-engine, under 
any circumstances, move as quietly and with so little noise as the 
Diplock Engine, nearly the whole of the noise appearing to arise 
from the two hind wheels. This fact speaks volumes, because 
noise is an immediate indication of vibration and wear of the 
working parts. 

Another thing which I noticed was the difference in the 
behaviour of the feet and wheels. The feet did not in any way 
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seem to affect the surface of the road. Throwing down large 
stones the size of the fist into their path, the feet simply set 
themselyes to an angle in passing over the stones, and did not 
crash them ; whereas, the wheel coming after inyariably crushed 
the stones, and, moreover, distorted the road surface. 

Coming to the top of the hill, I made the Fedrail walk first 
over 3-inL planks, then 6-in., and finally over a 9-in. balk, and 
photographs taken at the time tell more plainly than any words 
can do the behaviour of this extraordinary invention under these 
circumstances. One could scarcely believe, on witnessing these 
experiments, that the whole structure was not permanently dis- 
torted and strained, whereas it was evidently within the limits 
of play allowed by the mechanism. 

As a proof of this, after having its photograph taken, the 
Diplock Engine walked down to the works, and I then witnessed 
its ascent of a lane, beside the engineering works, which had 
ruts 8 in. or 10 in. deep, and was a steep slope. This lane was 
composed in places of the softest mud, and whereas the wheels 
squeezed out the ground in all directions, the feet of the Fedrail 
set themselves at the angles of the rut where it was hard, or 
walked through the soft and yielding mud without making the 
slightest disturbance of the surrounding ground. 

The engine then manoeuvred itself satisfactorily to its berth, 
where I witnessed experiments with its crane. 

Fined Condtmam. 

The impression which the trial left on my mind was that the 
Diplock Engine— especially with the slight modifications in 
various ways which the inventor is about to introduce — is destined 
to play a part in road locomotion, and, indeed, in locomotion off 
roads altogether, which can scarcely be conceived. I came away 
from that trial with the firm conviction that I had seen what I 
believe to be the dawn of a new era in mechanical transport. I 
am absolutely satisfied, after a perusal of Colonel Crompton's 
able reports on the previous Diplock Traction-Engine, that if 
that engine could pull successfully 87 tons, the new Diplock 
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Engine with Fedrails attached would be able to draw behind it, 
on the level road^ from 150 to 200 tons, and probably even more, 
for I feel perfectly certain that a pull of more than 10 tons 
could be obtained on the draw-bar. Of course, this load of 200 
tons could not at once be pulled up a hill, but so complete are 
the hauling arrangements of the winding-drum, that it would be 
quite possible to take a few of the trucks first, and rapidly haul 
up the remainder in series, thus attaining upon ordinary roads, 
eyen by doing this, an average speed of more than three miles 
an hour. 

I do not profess to have a sufScient knowledge of financial 
matters to express an opinion upon the apparently well-worked 
out scheme of Mr. Diplock for collecting and distributing goods 
and agricultural produce. I do feel, however, competent to say 
that the mechanical details which he has worked out, and the 
way in which he proposes to handle the units in his system, are 
not only practical, but that the operations can be effected very 
simply and rapidly with the minimum of hand labour, and I 
know that in this part of England, where I have been frequently 
consulted about such matters, there would be great scope for the 
system which he proposes. 

I will, however, say in conclusion that it is not in any one or 
other distributing system that I should look to a great future for 
the Diplock Engine, but I feel assured that the use of the 
Pedrail System (in conjunction with many of the features of the 
Diplock Traction-Engine) is the real soltttion of one of the greatest 
diffimlties which will he met with in developing self-propelled traffic. 

(Signed) H. S. Hele-Shaw. 

The photographs referred to in the report are repro- 
duced in Figs. 17 and 18.^ These photographs were both 
taken without the engine being moved, and serve to 
illustrate, though not to its full extent, the elasticity of 
the axle and Pedrail movements. The off hind wheel 

^ See Frontispiece. 
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remained in hard contact with the ground (Fig. 17), not- 
withstanding that the off Pedrail was mounting a con- 
siderable obstacle, the tilting effect on the main frame 
being well shown in Fig. 18. It should be mentioned 
here that the Pedrail and axle movements of No. 2 engine 
are designed to maintain hard contact of all four wheels 
or Pedrails with the road when any one wheel is mounting 
an obstacle not exceeding twelve inches in height, and 
the ankle movement of the feet is designed to mount a 
succession of steps, rising not more than about four inches 
each, up to a total of twelve inches, without requiring the 
feet to strike each step evenly. They will work equally 
well under the conditions shown in Fig. 19. 

With larger Pedrails greater obstacles could be sur- 
mounted, but the author was of opinion that 12 inches 
was suflScient; in fact, even 12-inch obstacles are not 
frequently met with on our main roads 1 

It will be seen from Fig. 17 that the hind axle was 
mounted temporarily on ordinary wheels. These were 
borrowed from No. 1 engine, it being deemed advisable 
not to build more than one pair of Pedrails for a first 

s 

experiment. 

The second pair is being built, but the wisdom of 
deferring their construction has been amply demonstrated 
by the number of improvements of detail introduced into 
the latest design. Amongst these improvements may be 
mentioned the reduction in number of the spokes and feet 
from sixteen to fourteen in each Pedrail, the number of 
feet on the ground at any given moment being the 
same as before ; the lubrication arrangements have been 
greatly improved, and the castings and fittings generally 
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straightened and simplified- Moreover, the feet are each 
to be increased in size from 9 to 1 1 inches in diameter, 
tlius adding fifty per cent, to the area of surface contact 
and support. 

One very important result has been achieved : by way 



Fia. 19. 
( The Petbrtal tahet eaactlg the HBnt petition, only mertti, uhta tUpping off the tUpt.) 

of an experiment, the feet of one of the first Pediails 
were soled with rubber. The rubber was of ordinary cab- 
tyre quality, arranged in segments with strips of wood 
between (see Fig. 18), the rubber thus coming into 
actual contact with the road. The rubber not only 
seems to stand admirably, but to keep itself clean even 
when traversing the most muddy roads. The strips of 
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wood are intended to break up the surface of the rubber, 
and thus prevent suction. The explanation of the 
excellent results obtained is in the fact that the feet come 
down vertically, and the rubber is thus only subjected to 
a ** buffer " action instead of the " mangling " action of 
rubber tyres already mentioned. 

If an extended trial justifies the application of rubber 
soles to the Pedrails of the engine and wagons, the 
result will be to reduce the wear of the road surf&ce to a 
vanishing point; moreover, the difference between the 
cost of rubber tyres and rubber soles is enormous. The 
rubber for traction-engine tyres (being subjected to the 
*^ mangling " process) has to be about 4 inches thick, 
and of the best quality, costing from £250 to £300 per 
pair ; whereas for " Ped." soles pure rubber is not suitable, 
the buffer action necessitating an admixture of other 
material to harden the rubber, and a much smaller 
quantity being required ; the result is, that the cost of 
soling an entire Pedrail will not exceed £5 ! 

The feet are designed so as to admit of these segments 
being easily and quickly renewed, even when on the road, 
and the author foresees the possibility of the rubber-soled 
train being able to travel on snow (especially if the engine 
is fitted with a plough), it having been ascertained by the 
experience of motor-cars that snow does not " cake " on 
an elastic rubber tyre. 

Perhaps the greatest hindrance to the progress of 
** road locomotion " is in the fact that all experiments, to 
serve a really useful purpose, require to be carried out in 
full size on an actual road, and consequently at a very high 
cost and risk of loss. In most other branches of mechanical 
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research, valuable experiments can be carried out in model 
form, but not so in regard to road locomotion, for the 
reason that it is practically impossible to reproduce the 
varying conditions of a road surface in miniature to corre- 
spond with the scale of the model. Another reason lies in 
the fact that the laws of friction and dynamics would 
almost appear to vary out of proportion to the scale of the 
experiment 

A good example of the latter was obtained in the 
Pedrail ; the author had constructed a quarter full-sized 
model, which was subjected to the most severe tests, one 
test beiug to run it at varying speeds (such as would 
correspond to twenty or thirty miles an hour with a fall- 
sized Pedrail) on surfaces of wood, corrugated rubber, and 
very uneven " virgin cork." In all these tests the model 
worked perfectly, the feet especially turning on their ankle- 
joints by their own weight, so that they fell with their 
soles horizontally presented to the imitation road surfaces. 

Professor Hele-Shaw, on witnessing these model experi- 
ments, expressed doubt as to whether the dynamics would 
work as satisfactorily in a full-sized Pedrail, a forecast 
that was certainly justified by the result. 

At the first trial of No. 2 engine and Pedrails, in the 
autumn of 1901, it was found that, although the weight ot 
the feet or gravity force (as opposed to the centrifugal 
and other forces) was sufficient to make the feet fall 
horizontally at speeds up to three miles an hour, they did 
not always come down flat on their soles at four miles, 
and altogether failed to do so at five miles an hour. The 
difficulty of devising any mechanical means of controlling 
the movements of the feet was partly that it must be dust 
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and mud proof, but principally, that any arrangement 
that would cause the feet to come down on their soles 
when travelling forwards would cause them to come down 
on their sides when travelling backwards, as in Fig. 20. 

This led to the author's further invention and patent 
to control the feet by the movements of the rollers. 



through a light friction-clutch, it being observed that the 
rollers revolve in an opposite direction when the engine is 
travelling backwards, thus reversing the movement and 
preventing the feet coming down on their sides. The 
friction-clutch is necessary owing to the facts, first, that 
the rollers continue to revolve after the feet are landed on 
the ground, and secondly, that the feet must be free to 
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turn against the action of the friction-clutch when the 
inequalities of the ground require them to do so. 

The solution of this problem being thus arrived at, it 
only remained to choose the best mechanical details to 
carry it into practical effect. These were ultimately 
supplied with the assistance of Messrs. Kerr Stuart and 
Company's general manager, Mr. J. W. Hartley, whose 
practical experience and suggestions, throughout the 
construction of No. 2 engine by the firm named, con- 
tributed very greatly to the successful result obtained. 

The friction-clutch arrangement and the necessary 
alterations in the internal mechanism of the feet are 
shown in Figs. 21 and 22, in which A is the roller and 
B is the friction-clutch, turning the spindle C, which 
communicates the movement to the cogwheel D, through 
two sliding racks, E, E (Fig. 22). Attached to the cog- 
wheel D is a hinged finger, F, which, pressing against the 
sliding-block G, as shown in Fig, 22, turns the foot to the 
angle required. The extent of the angle is regulated by 
the size of the opening at the end of the ball H, and the 
finger F is hinged to admit of its taking the position 
shown in Fig. 21, when the inequalities of the ground 
require the foot to move to its extreme angle sideways. 
The sliding-block G is centralized in the outer shoe by 
three radiating springs, one of which is shown in the 
illustration. 

The above may be considered an ultra-refinement of 
mechanism for a road locomotive, and it should therefore 
be pointed out that it is adequately protected from dust, 
mud, and all undue strains by being entirely encased in 
the strong steel spoke; and further, that the details of 
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the mecliamsm are so arranged that their strength and 
doiabilitj are far in excess of any strain that can possibly 
be brought to bear on them by the light friction-clutch, 
which b, however, of sufficient power for the purpose 
required. 

The great importance of this latest improvement liw 



in the fact that it admits of the Pedrail being run at any 
reasonable speed, and thus appears to open the door to 
the application of its benefits to a very wide field, in- 
cluding wagons, vans, motor vehicles, omnibuses, and 
especially tram-cars^ of which the last-named would no 
longer require any tram-lines J and with regard to this it 
may be mentioned that Colonel Crompton, in his paper on 
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Stareet Traffic, demonstrated that if ttam-cars could torn 
out and paas each other, and other vehicles, instead of 
being tied to a tram-line, the carrying capacity of oar 
most crowded streets would be doubled. 

Before passing on to another chapter, it is desirable to 
refer to the size and weight of No. 2 engine, as the 
author has been subjected to some criticism on this head. 



the main argument being that, having regard to its 
superior hauling power, a lighter engine would be more 
serviceable, especially in crossing weak bridges. The 
question of weak bridges is dealt with in a later copter, 
but it may be here pointed out that the scheme is based 
on the necessity, from an economical point of view, of 
long and heavy trains for the main or trunk routes, thereby 
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requiring powerful engines ; moreover, the wagon-body 
system cannot be adequately dealt with unless there is 
sufficient weight in the engine to maintain the equilibrium 
of the crane, when lifting wagon-boxes up to the standard 
limit of four tons. There is, however, nothing to pre- 
vent lighter engines from being built in the future for 
other purposes. 

The motive power of the engine is supplied by the 
ordinary locomotive fire-tube type of boiler, and is coal- 
fired, as the author did not consider it desirable, with so 
many experiments in hand, to further complicate them 
with any motive-power novelties ; ^ moreover, he has always 
been of opinion, and up to tjie present has seen no reason 
to change his views, that the elasticity of steam places it 
far ahead of any other form of power at present utilized 
for road-locomotive purposes. No doubt the quantity of 
water required is a disadvantage, but the author does 
not hesitate to express his belief that at no distant date 
means will be found to condense the steam and re-use the 
same water constantly, the engine being so designed that no 
lubrication beyond that of the steam itself will be required 
in the steam passages. This would result in only pure 
distilled water — free from grease, lime, and other matter — 
being used for filling the boilers, only a small quantity 
would be required for replenishment of waste, and boiler 
troubles would then become practically unknown. 

^ The experiments have, however, shown that liquid fuel is desirable in the 
next engine, for many reasons. 



CHAPTER VI. 

THE PB08 AND CONS OF COMPLEXITY. 

In an elaborate and mechanically complex system of road 
haulage such as described, the questions of labour, super- 
vision, repairs, and capital outlay, all demand due con- 
sideration. The test of a scientific solution of the problem, 
however, does not lie in its simplicity and low first cost, 
but in its efficiency and earning power, combined with a 
general suitability to the times in which it is introduced 
and the work to be performed. 

In the scientific and mechanical progress of the present 
day the tendency is all in the direction of increased com- 
plexity, perhaps even too much so, as the technical 
education of the labour to control, repair, and work these 
complex mechanisms is not keeping pace with the strides 
of invention. No better example of this can be cited 
than the invention and perfection of the Linotype machine, 
which, with its mass of beautifully delicate mechanisms, is 
rapidly superseding the old and laborious process of setting 
up type by hand. Yet the linotype for many years re- 
quired two classes of labour, one to operate, and the other 
to look after the machines, and it is only after much 
printed discussion and publications that it has been 
gradually found possible to concentrate the requisite 
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knowledge of both branches in one individual. The 
excuse for this digression is in the fact that the same 
difficulty will probably arise in the introduction of 
scientific mechanism for road-haulage purposes, and it 
is quite possible that in the early stages of development 
it will be found necessary to employ skilled fitters capable 

these men haw to drive. 

The driving of a road train is by no means a simple 
matter, for, irrespective of the fact that the driver has to 
watch and control his fire and the usual steam and water- 
gauges, lubrication, etc., it must be remembered that the 
road is common to other forms of traffic, including un- 
educated and restless horses. The driver has to foresee 
and provide for extra steam for climbing steep gradients, 
and for extra water in his boiler to keep his fire-box cool 
when descending long hills ; he is hampered by more or 
less impossible legal restrictions, and has to stop and 
re-start his heavy train, often at a moment's notice, when 
signalled to do so. He must be a man of ample resource, 
ready to tackle and surmount innumerable difficulties 
caused by greasy roads, heated bearings, and all the other 
vicissitudes common to heavy haulage, and added to all 
this he has, owing to the absence of guiding-rails, not only 
to keep a sharp look-out ahead, but also to look after the 
tail of his train, and see that it is not pulling down a 
stray house or fence, or committing some other damage 
behind hun, to say nothing of fouling overhead telegraph 
wires and bridges. 

Some of these difficulties could be considerably re- 
duced by establishing telegraphic communication between 
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a guard or wagoner at the tail of the train and the 
engine-driver on the footplate, and this would -without 
doubt be desirable in the case of long trains. 

Experience has proved that railway drivers do not 
make good traction-engine drivers, possibly because the 
conditions are too similar and yet so widely different. 
The practice hitherto has been to pick out a handy man 
and train him as a driver, and, ordinary traction-engines 
having been built with a massive strength out of pro- 
portion to the power of the engine, the result, although 
somewhat crude, has been fairly successful. It will be 
seen, however, from Professor Hele-Shaw's report that 
No. 2 engine gives, at 400 revolutions per minute, an 
I.H.P. of 108, and the effective force obtained from 
this comparatively large power can not only be multiplied 
by nearly 30 in the gearing down to the road wheels, but 
the power itself can again be practically doubled for 
short emergencies by using the special form of by-pass 
valve. If the extreme force due to this combination 
were all turned on at once, without due discretion, a 
serious breakdown would result, especially with an 
adhesion of the Fedrails almost amounting to their being 
" anchored," and with an unusually complex mechanism 
intervening between the " anchor " and the power. It is 
therefore evident that the problem of the driver, to suit 
this higher plane of conditions and mechanism, must be 
f(wed ; he will require to be, not only a fitter, having had 
a thorough training in the " shops " and a sound practical 
experience as an engineer — of the railway express locomotive 
standard — but he will also require a special training in the 
dynamics and other conditions of road-locomotion work. 

G 
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It will probably be foand in practice that the best 
plan will be to employ a skilled fitter as wagoner or 
steersman, and a first-class traction-engine man as driver, 
the latter being carefully cautioned about using the 
higher sources of power at his command, and working 
in conjunction with the fitter. With these men as a 
nucleus, it would be possible to gradually train an efficient 
staff of drivers, the raw hands in each case beginning with 
an empty engine, and gradually taking on more wagons, 
and travelling longer distances, future drivers being 
recruited entirely firom the shops. 

The problem of complexity of mechanism as affecting 
wear and tear must next be considered, with a view to 
showing that increased intricacy of machinery does not 

fact, the experience of railways tends to proof in the 
opposite direction. The first-class locomotive of to-day is 
a veritable triumph of complexity, as compared with the 
historic "Kocket," and yet the safety and absence of 
breakdowns on our railways is too well known to need 
comment. It is only traction-engines that have remained 
comparatively in the " Eocket " stage. 

The author will have failed in his object if he has not 
succeeded in demonstrating that the problem of the road 
locomotive is much more complicated in detail than that 
obtained on railways, and it therefore stands to reason 
that such a problem is not to be solved by any simple 
means. Traction-engine builders have hitherto met their 
difficulties in this respect solely by making each part of 
the engine strong enough and heavy enough, in propor- 
tion to the load hauled, to as it were slam itself 
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through or over its obstructions, and under these con- 
ditions it is not surprising that they have found that any 
addition or improvement involving complexity has only 
resulted in an increased need for repairs. 

How is it possible, under these conditions, for the 
scientific solution of the problem to be even commenced^ 
seeing that the mechanical intricacies have never been 
carried far enough to eliminate the first caxise of the 

breakages? Go to the root of the problem, remove 

the caibse (even if it necessitates the introduction of 
complications that may afterwards prove unnecessary), 

for it is clear that THE TRUE REMEDY IS, TO 

GO IN BOLDLY FOR SUFFICIENT MECHANICAL 
ELABORATION TO ENABLE THE TRAIN TO AUTO- 
MATIC ALLY "ABSORB'' AND ACCOMMODATE ITSELF 
TO EVERY OBSTACLE AND DIFFICULTY IT MEETS 
WITH, AS IT WILL ONLY then BE POSSIBLE, 

under smooth running conditions^ to ac- 
curately ASCERTAIN WHAT UNNECESSARY 

COMPLICATIONS — can he left out ! 

The author is of opinion that improved mechanism 
will eventually lead to rediiced repairs, but he has con- 
sidered it wiser, in the tables of working cost set out in a 
later chapter, to estimate for the usual percentages, and 
this notwithstanding that the percentage is reckoned on 
a much larger capital outlay, and that much has already 
been done towards simplifying the renewal of wearing 
parts, such as the soles of the feet and the rails of the 
Pedrail, also by taking up wear as much as possible by 
screw adjustment, and by abolishing back-lash in the 
gear. Without doubt, great improvements in these 
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respects may be reasonably anticipated in the future, but it 
is only by cmtinual examination and adjustment, and by 
faJaal, posrible breakages. th.t «p.ii can be reduci 
to a minimum, and it is principally with this object in 
view that so many parts have been made interchangeable. 
It should be an easy matter to arrange that every part 
can be left at home in turn at very frequent intervals for 
overhaulage and repair by a staff of men, specially trained 
and employed for this purpose alone. 

And herein lies the answer to possible objections to 
mechanical complexity ; it is the neglected pin-hole leak 
that eventually becomes a torrent, and a higher plane of 
mechanism thus demands an elaborate system, not of 
repairs, but of overhaulage such as has never before been 
attempted or required. 

In other words, no train should be allowed to start its 
day's work except in such a state of newness as to practi- 
cally eliminate all risk of working parts commencing to 
rattle or hammer. Only practical experience can decide 
how often a train should be overhauled to ensure these 
conditions ; but to err on the safe side, the author would 
advocate that, at least during the earlier stages of trial, no 
train should be allowed to travel for more than two con- 
secutive days on the road, and that every third day should 
be devoted entirely to overhaulage and repairs, this being 
combined with a free use of interchangeable parts, those 
left behind receiving attention during the intervening days. 

The engine and wagon-frames would require to be so 
designed, and the mechanical, lifting, and other special 
appliances so arranged, that every part could be expe- 
ditiously " got at," the driver and other attendants of the 
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train assisting in the overhaul. This last condition would 
possess several advantages, the " train gang/' having been 
with the train on its journeys, would be acquainted with 
any parts requiring special attention, and would soon 
learn to mark them and see that they were not overlooked, 
also by assisting the skilled home experts, the "train 
gang " would be themselves learning the best and quickest 
methods of temporarily dealing with any mechanical 
breakdown or difficulty that might occur on the road. 
The chief advantage, however, would be in always asso- 
ciating the same gang with the same train ; they would 
become acquainted with its "little whims" and peculi- 
arities (engines are very like animals in this respect, and 
require to be humoured) ; responsibility would be local- 
ized, and a feeling of esprit de corps possibly engendered 
between the rival train gangs, which should be encouraged 
in every possible way by rewards and promotions. Such 
a result could not well be obtained if the train was always 
on the road, when the " gang " would be on duty for a 
somewhat arduous ten or twelve hours' " shift," whereas 
the overhauling or comparatively slack days at home 
would provide the necessary intervals of rest. 

The next question that naturally arises is, how is this 
elaborate and expensive system of overhaulage to be paid 
for ? And herein lies the real strength of the system. 
The earning power, as shown in figures in a later chapter, 
is so largely increased that it will pay for almost any 
demand on its resources. It is not only that the same 
weight and power in the engine will pull a heavier train 
than hitherto, but by mounting the wagons on Pedrails 
the power required to haul a given weight will be very 
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largely reduced; the advantage is thus both ways, the 
effective power is increased, and less power is required to 
do a given amount of work. The large saving of power, 
per unit of work, should effect a correspondingly im- 
portant saving in fuel and wages, and this in turn admits 
of the payment of the increased interest and depreciation 
caused by the necessarily much larger capital outlay than 
is usual on rolling stock ; but here again the advantage is 
two-edged, so far as depreciation is concerned, for it is 
clear that, if the life of the engine and rolling stock 
is prolonged (as it imdoubtedly will be) by the new system 
of overhaulage, combined with the extreme elasticity of 
the mechanism, the annual percentage for depreciation can 
be proportionately reduced. 

This is quite apart from the fact that the wagon- 
body and crane system, already described, would ahne 
pay for the extra cost of overhaulage by avoiding delay in 
loading and unloading, and thus enabling considerably 
more work to be accomplished in two days than would 
otherwise be possible in three. 

Lastly, as regards capital outlay and also repairs, one 
very important feature must not be overlooked, viz. that 
under the Pedrail system the train takes its own railway 
about with it, and it is thus rolling stock and permanent 
way combined. 

To compare the Pedrail train with ordinary railway 
rolling stock is to put the comparison on an absolutely 
untenable basis, the only true comparison being with the 
rolling stock plus (at all events to some practical extent) 
the permanent way, and this with the further economical 
advantage, that under the Pedrail system the " permanent 
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way," being self-contained in the train, comes home for 
its repairs 1 instead of being spread over endless miles of 
country. 

As an example of capital outlay it may be mentioned 
that the construction of the Lancashire and Yorkshire 
Railway cost over £60,000 per mile, and the London and 
North Western Railway over £50,000 per mile, whilst Mr. 
Alfred Holt, in his pamphlet on Plateways, estimated the 
cost of construction from Liverpool to Manchester at 
£38,500 per mile, and although light railways are now 
built at a much lower cost, the capital outlay must in any 
case be considerable, involving a heavy annual charge for 
interest y to say nothing of the great annual cost of keeping 
the permanent way in repair. A light railway at best, 
moreover, does not enable trains to deliver from door to 
door, neither can the track, once put down, be removed or 
the outlay reimbursed. 

The plant of a Pedrail '* Branch " would consist entirely 
of sheds, a few machine tools, and the rolling stock, so that 
if the traffic of any district falls away and proves insuffi- 
ciently profitable, the cost of moving to another district 
would be merely nominal. 

The wagon-body system has also another very im- 
portant feature, in the fact that the wooden boxes, plat- 
forms, and crates are separate from the rolling stock, and 
being cheap, can be multiplied with very small capital 
outlay as compared with the cost of spare goods wagons 
on our railways, which, including steel frames, axles, 
wheels, brakes, buffers, and couplings, must represent a 
very large amount of dead capital. 

A still further advantage is, that under the Pedrail 
system even a breakdown does not block the line ! 



CHAPTER VII. 

SCHEME, DEPbrS, COLLECTION AND DISTRIBUTION. 

HiTHBRTO the author's description of the system has been 
mostly confined to the mechanical details of the problem, 
for the all-suflEicient reason that no other course is properly 
open to consideration until the practical mechanical diffi- 
culties are at least in a fair way of being surmounted. 

The railway problem, however, was not solved by the 
invention of the locomotive alone, but by the combination 
of the locomotive with a number of new ideas and in- 
ventions, due, in great part, to the genius of George 
Stephenson, and comprising rails, bridges, tunnels, em- 
bankments, stations, points and crossings, and all the 
innumerable details that go to make up a gigantic system 
that has spread itself over, and become the great civilizer 
of the world; nor would the above combination of 
engineering features have sufficed without the marvellous 
commercial organization that has grown up with it, and 
by its division, and endless subdivision, of management 
and superintendence has enabled an army of workers and 
an enormous mass of detail to be accurately and economi- 
cally controlled. 

The author lays stress on the experience of railways 
as tending to show that the road-haulage problem is also 
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not to be solved by any one invention, but by a combi- 
nation of mechanical arrangements forming a complete 
system and accompanied by sound commercial organization, 
instead of the " rule-o'-thumb " methods that have hitherto 
prevailed; most of the eight thousand traction-engines 
now working in the United Kingdom being at present 
owned by small jobbing men, who work from " hand to 
mouth," with insufficient capital and little or no commercial 
training. 

It is not advisable, or even possible, at this stage to 
set out the details of a commercial system which must 
necessarily develop itself by degrees, and will probably 
vary very considerably according to local conditions, but 
the following are the main features proposed :— 

1. The establishment of a number of " branches," each 
branch to undertake the haulage work of its locality, and 
to be controlled by a " District Centre," the latter being 
in turn controlled by one chief or "Head Centre." 

2. The best possible engines and rolling stock to suit 
the work of each locality. 

3. The concentration at one " Factory Centre " of all 
large repairs, technical supervision, and the purchasing of 
plant, coals, stores, and other materials at wholesale 
prices. 

4. The classification of goods at various rates on the 
system adopted by railway companies. 

5. The establishment of fixed routes in each locality 
which will be traversed by the road trains at regular 
intervals ; no change in the routes or dates to take place 
without being duly advertised beforehand in the localities 
concerned. 
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6. The establishment of innumerable " depdts " along 
the lines of route, from whence full and empty wagon- 
boxes can be distributed and collected in the immediate 
neighbourhood of the depAts. 

7. A special system to enable the accounts and 
statistics of each branch to be kept at its District Centre 
with the minimum of clerical staff. 

The number of District Centres would probably not 
exceed ten or a dozen for the United Kingdom, and of 
these one would be the Head Centre. 

The establishment of one Head Centre would secure 
general uniformity of management, prevent overlapping 
of District Centres, and would also enable staff, plant, and 
rolling stock to be concentrated where most required, not 
only to meet the exigencies of commerce varying at long 
intervals in different districts, but to supply the demands 
of agricultural transport, fluctuating according to seasons 
and districts at very short intervals. 

The Head Centre would control all financial and 
capital arrangements, and would also form a convenient 
Court of Appeal for the settlement of any friction arising 
at the District Centres. 

The main object of the District Centres would be to 
decentralize the commercial working of the scheme, each 
District Centre being a complete and separate business in 
iteelf. invoietog it. tn>asaoL«B to J from the other 
District Centres, though all would report to the Head 
Centre, and all deal separately with the Factory Centre. 

The establishment of one Factory Centre would be 
mainly with the object of standardizing the mechanical 
plant at the earliest possible date. The importance of 
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this cannot be exaggerated ; it is only when most of the 
parts can be stamped complete that interchangeability 
and minimum cost of manufacture will be attained. The 
author would advocate manufacturing by contract with 
established engineering firms as much as possible, the 
Factory Centre being mostly (but not entirely) reserved 
for repairs, the concentration at one centre enabling a 
high-class technical staff to be retained for the technical 
supervision of the District Centres, and also for designing 
and supervising the plant built by contract. 

Each branch would require a branch manager (corre- 
sponding to the station-master on railways), and an 
engineer foreman, in the overhauling and repairing sheds, 
who would be responsible to the factory technical staff. 
Discipline in the branches would be maintained by 
travelling inspectors reporting to their District Centres. 

Book-keeping at the branches should be minimized by 
a free use of manifold books, the counterfoils passing to 
the District Centres, where the accounts should be kept. 
This would leave the more highly paid managers and 
foremen at the branches free to attend to their practical 
duties instead of (as so often happens) keeping accounts 
that would be much more efficiently and quickly dealt 
with by clerks at the District Centres, and at a cost of less 
than half the salaries. 

It may be mentioned that a special system of book- 
keeping has been prepared, combining the principle of the 
"clearing-house" with the abolition of all subsidiary 
books. The system admits of unlimited expansion, localizes 
ledger errors, and greatly simplifies stock-taking, but its 
main advantage consists in its providing the machinery 
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for checking the working cost of the various departments 
in detail or totals as required by the management. 

The foregoing must not be considered an Utopian 
development of a paper scheme. The scheme itself can 
be started and tested experimentally with one branch, but 
it is only by carefully mapping out the future that 
confusion and great waste of capital can be avoided during 
the transition from one or more branches to a larger and 
more complete organization. 

It will be seen from this treatise that the numerous 
patent rights already granted to the Syndicate have 
practically secured a monopoly of this road -haulage 
system for many years, and this monopoly will be in- 
valuable during the experimental stages and the working 
out of the scheme, not so much with a view to finance 
or profit-earning, as to prevent a competition springing 
up which might (whilst, perhaps, unable to establish a 
useful system itself) yet hamper the development of the 
parent scheme on a really sound and lasting commercial 
basis. A healthy competition later would, however, be 
beneficial when the parent scheme has been properly 
organized. 

It does not follow that the establishment of a "branch" 
necessarily entails the train or trains of that branch 
travelling on the same route every day, the Pedrail 
system admitting of different routes being mapped out for 
different days to an almost unlimited extent. On sparsely 
populated agricultural routes the traffic might be in- 
sufficient to support a train more than once a fortnight, 
or even at longer intervals, but provided regular dates 
are fixed and known, the farmers will soon learn to save 
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up their produce for the cheap and convenient Pedrail 
train. 

With regard to possible traflScs in agricultural districts, 
the author was astonished to find, on making inquiries 
through reliable sources, that the existing average weekly 
traffics "in and out" at twelve typical rural stations, 
in purely agricultural localities in the home counties, 
amounted to as much as 500 tons for each station. 
Seeing that more than twenty such stations could be 
dealt with by one branch, there does not appear to be any 
likelihood of insufficient traffic oflFering, at all events, in 
the home counties ; and in the manufacturing localities, 
where the conveyance of raw and manufactured material 
is so large, the possibilities are enormous. 

Moreover, it should be borne in mind that in any well- 
considered scheme, which may ultimately become of even 
national importance, those outlying localities which may 
not be even self-supporting, yet contribute to the general 
result much on the principle of the penny post 

The establishment of the dep6ts forms a very im- 
portant, in fact an essential, element in the scheme, as it 
deals with that most difficult of all the axioms, viz. the 
collection and distribution of traffic off the lines of route. 
In large towns the depdts should be two or more in 
number, and so situated that, whilst they can be reached 
by the trunk or main route trains without unduly incon- 
veniencing the town traffic, they may yet admit of the 
collecting and distributing engines, hereafter described, 
having only a short distance to travel to reach every part 
of the town ; and there is nothing to prevent a main route 
train being divided into two or more sections outside the 



94 NEW SYSTEM OF HEAVY GOODS TRANSPORT. 

tenninal towns, each section being taken separately by 
the engine to its respective dep6t, thereby avoiding long 
trains in crowded streets. 

With regard to the towns situated along the main 
routes, and not at termini, it would no doubt be possible 
in most towns to avoid passing through the main streets 




Fig. 23. 

by making the route and establishing the dep6ts along 
the outskirts of the towns as much as possible. 

The country dep6ts would be stationed at existing 
farmhouses and villages along the lines of route, and 
would be practically agencies to collect and distribute full 
and empty wagon-boxes in their immediate neighbourhood, 
and here it may be pointed out that, with a possible daily 
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variation of the lines of route, the dep6ts can, in the course 
of years, as circumstances admit, be increased in number 
until every paying acre of land in the kingdom be brought 
within a commercial distance of its depSt ! 

The empty wagon-boxes would be conveyed by a 
very simple horse frame, as shown in Fig. 23, which also 
shows the method of lifting a wagon-box off the ground, 
the horse being taken out of the shafts, and the box 
levered up a few inches by pulling on the ends of the 
shafts with a short rope. A pall on each side at AA, 
Fig. 24, keeps the box from swinging about " en route," 
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and a light crossbar at BB can be slipped across the 
shafts to enable the boxes to be man-handled for short 
distances on level roads. 

An open frame on wheels could also easily be designed 
with some screw arrangement to lift the /tt/Z boxes when not 
too heavily laden, and these frames could be loaned to, and 
horsed by, the farmers in country districts for a small fee. 

In order to deal with heavily laden wagon-boxes in 
larger quantities and in town or country, a cheaper and 
more completely efficient system would be required. This 
is supplied in the collecting and distributing, or dep6t 
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engines. These engines have not yet been designed in 
detail, but their general arrangement is shown in Figs. 25, 
26, and 27, such arrangement being, however, subject to 
any modifications that may be found necessary in actual 
practice. 

Fig. 25 is a side elevation, and Fig. 26 a plan of a 
" depdt engine." The fore part, or driving mechanism, is 
separated from the hind part, or carrying-frame, by a 




Fio. 25.— Depdi engine. 



special form of steering hinge joint, somewhat on the 
principle of the wagon hinged joint already described, 
but with the addition of a worm segment at AAA which 
enables the engine to be steered as shown in Fig. 27. 
This hinge joint is so arranged that whilst it keeps both 
halves of the main frame from tipping endways, it yet 
allows them to freely oscillate crossways when passing 
over very unlevel ground, the requisite spring movements 
being amply provided in the Pedrails. Thus the necessary 
steering and oscillating movements being in the frames. 
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and the spring movements in the Pedrails, the driving- 
axle itself is free from- all three of these movements in its 
relation to its frame, with the highly important result, 
that the axle hearings can then be mounted rigidly in the 
frame, this result in its turn reducing the connection of 
the axle with the motive power to the minimum of 
mechanical simplicity. There is also the further advan- 
tage that the Pedrails can be of any diameter, as they are 
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not required, when turning corners, to lock under the 
frame, the latter being steered instead of the axle. 

The hind part, or carrying-frame, is a kind of cage 
entirely open at its rear end, and with wheels for town 
use or Pedrails for country use mounted in the sides, each 
on a short separate axle, the interior of the cage being 
thus left free for carrying the wagon-boxes, as shown in 
Fig. 25. 

In the top of the frame are mounted four worms and 
worm-wheels, B, operating on four powerful vertical screws. 
The handles of the worms can be easily reached by men 

n 
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standing on the side frames, and the combination of worm 
and screw mechanism provides ample power for lifting the 
loaded boxes by hand. 

Assuming that a box is standing on the ground, the 
frame is backed over it, and the box or boxes lifted a few 
inches by means of chains dependent from the worm screws 
until a crossbar can be passed through the lifting straps of 
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the box, the projecting ends of the bar being then lowered 
on to the four springs, C, mounted in the sides of the frame. 
Palls, as in the horse frame, prevent the boxes from swing- 
ing about, and a light movable crossbar from D to D ties 
the frame ends from spreading when travelling on the 
road. 

There is no practical or mechanical diflBculty in design- 
ing and constructing these dep6t engines, and it will be 
seen from the description that with practice, the whole 
operation of picking up or of dropping a wagon-box 
should not exceed a few seconds. 
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Moreover the dep6t engines would be classed under 
the Light Locomotives Act of 1896, and thus be enabled 
to travel at speeds up to ten or twelve miles an hour, if 
required, especially when empty ; this is important, as it 
would enable one of these engines to serve two, three, or 
more dep8ts, and thus working in advance of the trunk 
route train to maintain its supplies without requiring a 
depdt engine to be entirely supported by the probably 
insufficient traffic of only one dep6t. Reserve engines at 
the branches could be sent out in exchange for those at 
the dep6ts, so that each engine could be overhauled in 
turn, at frequent intervals, on the system already 
explained. 

It does not appear that there should be any practical 
difficulty in fitting hydraulic or other compact weighing 
apparatus on the lifting mechanism of the trunk route, or 
the depQt engines, or in fitting the engines with mileage 
indicators. These would not only be extremely useful for 
statistical purposes and "costing" accounts, when com- 
paring one branch with another, but would provide an 
accurate and reliable means of preventing the trains being 
loaded with tonnage in excess of what is being paid for, 
and also of preventing the customers from being over- 
charged, as the crane and wagon-box system enables the 
goods to be weighed without necessitating any additional 
lifting operations. 

The main advantage of the system, however, is in 
the fact that the boxes can be loaded in the farmer's field, 
the hold of a ship, the manufacturer's warehouse, or else- 
where, as required, conveyed firom thence to any destina- 
tion by road, or to the railway, and again thence, by 
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another Pedrail train to the ultimate destination, no un- 
packing or rehandling of goods being required throughout 
the entire transport, the boxes being speciaUy designed in 
sizes to suit the dimensions of an ordinary railway truck. 

It is only by thus abolishing rehandling, and by re- 
ducing the stoppages for loading and unloading to a 
matter of seconds^ that the cost of collection and delivery 
can be reduced to that absolute minimum, the want of 
which has hitherto barred all real progress in the problem 
of cheap and efficient road transport. 



CHAPTER VIII. 

COMMEBOIAL MAXIMS, LEGAL PBOBLEMS, AND 

GENEBAL CONCLUSIONS. 

It is evident that the ultimate development of a scheme, 
such as outlined in the last chapter, would be colossal, and 
would require to be financed in millions ^ but the system 
possesses the great advantage that it can be started and 
thoroughly tested in embryo form with a moderate 
capitaly and, unlike a railway, no heavy outlay on 
permanent way is necessary before the earning power 
commences. 

Although the capital should be sufficient to ensure 
a thorough test of the system in all its commercial and 
mechanical details, as applied to one or more branches, 
and to uphold the validity of the patents, yet the author 
would strongly deprecate any very large capitalization at 
the outset, or any attempt to at once establish the scheme 
on a large scale. 

Experience must be obtained first, and whilst this 
is being acquired, the progress must necessarily be slow 
and the profits meagre ; once, however, a nucleus organi- 
zation is established on a sound working commercial 
footing, finance, and the multiplication of the branches 
should be comparatively easy. 
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Apart from pliilanthropic reasons, every scheme to be 
commercially successful should share its benefits, to as 
large an extent as possible, with its customers. This is 
not only sound morality but it is also sound business, the 
experience of the leading Co-operative Stores, Halfpenny 
Papers, and similar concerns, having amply demonstrated 
that the adoption of this principle ensures an enormous 
turnover, with a corresponding increase of profit to the 
original shareholders. 

The author is therefore of opinion that the future 
increase of capital should be obtained as much as possible, 
by the co-operation of the farmers and customers in the 
neighbourhood of the new branches, rather than by over- 
capitalization at the start. This would give them an 
interest in the prosperity of the concern, and might be so 
arranged as to secure certain co-operative advantages^ 
without requiring them to take a direct trading risk in the 
fluctuations of profit. 

For instance. Registered Bonds, in multiples of say 
£10 might be issued, bearing interest at five per cent, per 
annum, and secured by a floating charge on the undertak- 
ing, the registered bondholders being entitled (on de- 
positing their bonds with an established trustee agency), 
to claim a ledger credit for transport charges up to say 
half the amount of their bonds, and being also entitled to 
a substantial rebate on the transport rates; the latter 
being, however, strictly subject to a prompt monthly 
settlement of their ledger credits. 

Some such course, although fully open to criticism and 
amendment, would possess many advantages ; the risk oi 
loss caused by bad and outstanding debts would be 
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minimized and the liberal and material benefits conferred 
by the bonds, would soon make them of a local market 
value, free from the wire-pulling of Stock Exchange 
manipulations; the latter condition being easily secured 
by making residence in the district a necessary qualifica- 
tion to registered ownership. 

Moreover, local ownership of the bonds, would be the 
best of all means of overcoming local prejudice ; even the 
ultra conservative county magistrate, and the typical fox- 
hunting squire, would learn to look with an indulgent eye 
on an innovation that, whilst providing him with a safe 
and remunerative investment, improved the capital and 
annual value of his land. 

It is well known how the strenuous, and even violent, 
opposition to railways developed eventually into a 
general recognition of the enhanced value of land, because 
it was near a station ! How much more so would this be 
the case, if it were once demonstrated that the agricul- 
tural land value depended for its very existence on the 
Pedrail train ! 

As regards local prejudice, it should be borne in mind 
that in most country districts, one long train a day 
(or perhaps at longer intervals), would cause much less 
obstruction to other forms of traj6S.c, than the numerous 
horses and wagons by which the transport is at present 
conducted, and in which the drivers generally adopt the 
habit of taking up the middle of the road, leaving the 
horses to keep a sharp look-out, whilst they indulge in a 
comfortable sleep ! 

Compare these conditions with those of the Pedrail 
train, where a responsible driver at one end would be in 
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telegraphic communication with a guard or wagoner at 
the other, and where all the attendants would be drilled 
by strict discipline to assist other forms of traffic in 
passing the train from either end. 

It stands to reason that if a cheap and efficient system 
of transport is established, those counties not adopting its 
benefits will he left behind in the race for existence ; and 
herein lies that most powerful of all inducements, viz. 
self-interest, to compel local authorities to give every 
possible facility to the new system, even to the extent of 
rebuilding weak country bridges. 

The author has endeavoured to show in this treatise, 
that by minimizing vibration, and by spreading the 
weight of a train over as large a surface area as possible, 
most of the existing highway bridges could be safely 
utilized for steam transport, but something more than this 
will eventually be required ; the experience of railways 
having proved that a continuous increase of weight and 
of tractive power, has been found necessary to obtain 
the ultimate minimum of economical conditions, with the 
result that the railway companies have strengthened and 
rebuilt their bridges accordingly. 

With local self-interest enlisted in the scheme, may it 
not be assumed that the history of railways will repeat 
itself in road trains, and that those county councillors and 
other local authorities not responding to the new con- 
ditions will be unseated by the local ratepayers ? 

The author has based his scheme on existing conditions, 
legislative and otherwise ; but it should not be lost sight 
of that it will only be by educating public opinion to the 
possibilities of still greater economies of transport that 
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legal and other restrictions can be removed, and the pro- 
ductive power of the land utilized to its fullest and highest 
extent almost irrespective of distance ! 

Without doubt, progress in the scientific development 
of road-transport has been sadly hampered by legislative 
restrictions; these restrictions have to a certain extent 
been justified by the many somewhat crude mechanical 
attempts to solve the problem (especially in the early 
years of steam) without sufficient regard to the fact that 
the highways were constructed for the benefit of the 
public, and not exclusively for separate individuals. 

It is the old story, however, of trying to eflfect by 
specific Acts of Parliament, what might have been accom- 
plished much more efficiently by public opinion, backed up 
by a proper enforcement of the existing rights under 
common law. 

The finicking interference of the Locomotives Acts has 
tended more than any other cause to retard the removal of 
the very objections that the Acts were designed to 
frustrate. 

There is, for instance, a fine **Gilbertian" flavour 
about the 1865 Locomotive Act in this respect, especially 
in the provision introducing the man with the red flag, a 
condition that had to be repealed in a subsequent Act, 
since it was found that the red flag frightened horses 
more than did the locomotive ! A similar fate awaited 
the clause providing for a man to assist horses in passing 
by walking sixty yards ahead of the engine, it having 
been entirely overlooked that his assistance was equally 
required to aid horses overtaking the engine from 
behind ! 
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Imagine an -Act of Imperial Parliament^ in 1878, 
defining in inches the mechanical details of a wheel ! 
and that, had it not been for a clause introduced into 
the Light Locomotives Act of 1896 (eighteen years 
later!), giving power to the Local Government Board 
to vary these conditions, the Pedrail (designed expressly 
to minimize damage to the road surface), would have 
required another special amendment Act to render its 
use legal ! 

It is this want of foresight, or rather the difficulty 
of anticipating future inventive progress, that makes 
it practically impossible for an Act of Parliament to deal 
sensibly with the details of mechanical locomotion. An 
Act framed to control a 14-ton locomotive, is found later 
on to apply its restrictions to say a child's perambulator, 
or it entails some equally absurd result. 

Although in the Locomotives Acts of 1896 and 1898 
more enlightened views have prevailed, there is still 
plenty of room for further improvement, and there can 
be little doubt that the real interests of agriculture and 
commerce would be best served by abolishing the exist- 
ing Locomotives Acts altogether, and by substituting a 
short provision to the eflfect that self-propelled loco- 
motives shall not unduly damage the roads or bridges, 
or cause undue inconvenience to other users ; the Local 
Government Board or some other central authority being 
appointed to define, and from time to time to am^wc?, 
all details in such manner that every improvement or 
invention can be (by a short trial licence, if necessary) 
promptly and economically dealt with on its individual 
merits. 
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Failing such an Elysium, it becomes necessary to 
examine how far the existing Locomotives Acts affect 
the introduction of the proposed scheme, and here the 
author has much pleasure in stating that his scheme can 
apparently be at all events started, and its advantages 
tested and demonstrated without any special amendment 
Act being required. 

It does not appear to be just, that heavy loads can 
be taken over bridges by horses with immunities not 
possessed by the same loads when hauled by a locomotive, 
and there are many other restrictions as to size, weight, 
hours, etc., that would be better removed, especially in 
regard to future development, but the bridge risks might, 
for the present, be covered by insurance, and the removal 
of hampering restrictions may safely be left to the weight 
of future public opinion when the advantages of the 
system have been duly demonstrated. 

Under the Locomotives Act of 1898, the Local 
Government Board have power to restrict local bye- 
laws, and the Act specially directs that they " shall have 
all proper regard to the necessities of through locomotive 
trafl&c and of persons who own or use locomotives." This 
is, undoubtedly, a very important concession, and should 
do much to remove the difficulties that have hitherto 
prevented the establishment of any general system. 

The principal "blot" in the 1898 Act appears to be 
in section 3, stating that a locomotive shall not draw 
more than three loaded wagons without the consent of 
the local authority, and the Act does not appear to 
provide any power of appeal to the Local Government 
Board against this restriction. 
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It therefore seems that it will be necessary, in order 
to start the scheme, to first find some enlightened local 
authorities covering a sufficient area in which to establish 
the first " branch." The author does not anticipate any 
great difficulty in this respect, especially in the Liver- 
pool and Manchester districts, where the valuable trials 
of heavy motor vehicles, carried out during recent years 
by the Liverpool Self-Propelled Traffic Association, under 
the presidency, and with the support, of Lord Derby, have 
already educated local opinion to the full recognition of 
the great advantages to be obtained by developing some 
efficient system of road transport. 

It should be observed that the section of the Act 
referred to specifies three loaded wagons, and does not 
appear to place any limit to the number of empty wagons 
that may be hauled! It would therefore seem feasible 
to stimulate the " consent " of any recalcitrant or tardy 
local authorities by making up a train of nine or ten 
wagons, and only loading three of them ; of course 
charging higher transport rates in proportion, and leaving 
it to interested local ratepayers to hold indignation meet- 
ings until the obstruction to cheap transport is removed I 

In the next chapter the author has endeavoured to 
show that it will be possible to transport goods, inclusive 
of profit, at an average rate of one penny per ton per 
mile, and that an even lower rate may be hopefully 
anticipated in the future, but it would obviously be un- 
wise to commence with a rate below say twopence per 
ton per mile, or even threepence. 

Errors of judgment, commercial oversights, and 
mechanical breakdowns, are bound to occur with a too 
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constant frequency whilst the staff is being trained and 
educated in that most efficient, but at the same time, that 
most expensive of all schools, practical experience. 

Moreover, it may^ and probably will, be found 
necessary to redesign and reconstruct the plant, 
especially in the early stages, at somewhat frequent 
intervals, and this can only be done by building up an 
ample reserve fund out of surplus profits. 

Further than this, is it not daily becoming more 
evident (as compared with the experience of our fore- 
fathers) that in these times of expanding inventive 
progress, a business that is dependent on mechanism, 
and which is living up to its income in dividends, is 
really living beyond it ? And is it not clearly essential 
for such an establishment, that it should possess such 
ample reserves as will enable it to adopt the latest ideas, 
and if necessary to construct new and up-to-date plant, 
instead of allowing itself to be displaced by some newly 
formed concern which, whilst possessing free capital, yet 
lacks the important advantage of an established organi- 
zation and connection ? 

It stands to reason, however, that change of standard 
patterns should, as far as practicable, be only at long 
intervals ; there is no greater mistake (one only too 
common amongst enthusiastic inventors) than to fritter 
away the capital of a young concern in endless improve- 
ments. The whole question really resolves itself entirely 
into a matter of sound judgment ; too much care cannot 
possibly be exercised in deciding on the first or the 
subsequent standard patterns, but once adopted they 
should be adhered to; a saving of even 5 per cent, in 
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working expenses should not justify an immediate change, 
but one of 20 or 25 per cent might do so. 

It is the opinion of many engineers that our railway 
companies made a mistake in bmlding their own plant ; 
for this entails not only an increase of capital outlay, due 
to the absence of competition, but it also necessitates 
continuous building to keep the men and works employed, 
and thus prevents that necessary pause^ which ought to 
take place for due consideration of any change of standard 
patterns ; moreover, the temptation with continuous 
building to constantly introduce trifling improvements is 
almost irresistible. The ventilation, however, of new 
ideas and inventions^ should be continuous, and any sug- 
gestions by the staff and employes in this respect should 
be most generously recognized and encouraged. 

The author has endeavoured in this chapter to set out 
a few general conclusions, amongst which may be men- 
tioned, in passing, the desirability of employing men of 
the Eoyal Navy Reserve and sailors, in other words, the 
"Handy-man," as affording (for dealing with heavy 
weights) the best material for wagoners and train 
attendants ; but the real success of the system will mainly 
depend, as in every other business, not on the mechanical 
features, or the commercial and other details, but on that 
most important of all elements in the scheme, the selection 
of the right men to manage it. 



CHAPTER IX. 



ESTIMATES. 



Some one has said, "Give me figures and I will prove 
anything," and there is so much real truth in the state- 
ment that, in presenting a chapter on " Estimates," the 
author does so with all due reserve. 

Although it is possible to reason in figures^ the results 
so obtained must necessarily be limited to the establish- 
ment of theoretical probabilities ^ and never more so than 
in a pioneer system which by its very nature absolutely 
precludes any reference to previously ascertained data, 
for the simple reason that such data do not yet exist, 
except, perhaps, in a general way qjr in minor details. 

One fact, however, seems evident, viz. that the scheme 
proposed cannot fail to effect very considerable economies 
as compared with the absence of any general highway 
transport system; and with this proviso the following 
estimates will at least serve a useful purpose, if only as 
a guide to future possibilities. 

Before framing any estimates of working cost, it is 
necessary to form some idea of the probable — 

1. Cost of each engine and train of wagons ; 

2. Distance to be traversed per train per day ; 

3. Tonnage of the goods that a train will convey. 
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1. It would be obviously useless basing the estimated 
future cost of each engine and train on what it has cost 
to build the existing engines and Pedrails, owing to the 
well-known great reduction in cost that takes place when 
manufacturing in quantities. 

The author has been at some pains to arrive at a 
trustworthy estimate, taking into consideration the actual 
known cost of the existing engines, and allowing for 
reduced future cost. On this basis he is of opinion that 
it will be found possible in the comparatively early stages 
of the scheme to build and fully equip each engine and 
train of eight wagons, for a sum not exceeding £5000 ; 
and that, by establishing standard patterns and making 
a larger proportion of the parts (especially the Pedrails) 
in pressed steel, a reduction in this figure may be reason- 
ably anticipated in later years. 

2. As regards the distance a train will travel in a day, 
it may be assumed that, with loading and unloading time 
reduced to an absolute minimum, and with the train and 
train-gang only travelling two days out of three, it should 
be possible to run for, say, 10 hours at an average speed 
of 3| miles per hour, or 35 miles per day. This distance 
could of course be exceeded if the Locomotives Acts were 
amended as regards speed. 

3. It is difiicult, if not impossible, at present to arrive 
at a conclusion as to the tonnage that may be hauled in a 
Pedrail train. It will depend on two conditions, neither 
of which has been yet subjected to a practical test. 
When No. 2 engine is mounted on four Pedrails (the second 
pair is now being built) it will be possible to measure 
its full hauling power and establish the first condition. 
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Meantime, judging from the experiments carried out 
with No. 1 engine, the greatly increased engine-power 
provided in No. 2, and the fact that the latter will be 
mounted on four Pedrails instead of on four wheels, the 
author has arrived at an estimate that No. 2 engine should 
give on a level road a horizontal draw-bar pull of about 
10 tons, and this opinion is confirmed by Professor Hele- 
Shaw in his report. 

The other condition referred to is as to the amount 
of horizontal tractive force required to haul a train of 
wagons mounted on Pedrails. On railways the tractive 
power required is 8 to 10 lbs. per ton of train, on common 
roads it is 80 to 500 lbs. per ton, and on tramways 
about 35 to 40 lbs. After much careful considera- 
tion, and allowing for the fact that the flanges of 
tramway wheels in gritty grooves cause heavy friction, 
the author ventures to express the opinion that the 
horizontal tractive force required to move a Pedrail train 
will eventually prove to be about 30 lbs. per ton of 
train and load. 

Taking 1 tons as the possible draw-bar pull of No. 2 
engine, and dividing it by 30 lbs. as representing train 
resistance, the somewhat startling result is produced that 
it may be possible, on a level road, with No. 2 engine to 
draw a Pedrail train weighing a total of seven hundred 
and fifty tons! and with larger engines and stronger 
bridges even this result might be eclipsed. 

Setting these figures on one side as being for the 
present purely imaginary, it is a fact that No. 1 engine 
has moved more than 80 tons without either engine or 
wagons being mounted on Pedrails, and with an engine 

I 
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and boiler power about one-third of that provided in 
No. 2. It therefore appears evident that it should be 
possible to deal with a Pedrail train of one hundred and 
sixty tons gross weight, not only on level roads, but also 
on moderate gradients, and the author has therefore 
adopted this figure in compiling the following table of 
estimated working cost : — 

Future Peime Cost of ax Engine and Eight Wagons, sat £5000. 

Estimated Working Cost, 



£ s* d. 
1250 



Depreciation, at 10 per cent, per ann. "lor; 

OTorhaulage and repairs, at 15 per. cent, per ann. . . ) ^ 
Fuel, water, Inbrication, and sondrieB, 4 days per week, at £1 per day 208 

£ 8. d. 

Driver 10 per day 

Steersman 5 0,, 

Two labourers ..080,, 

Wagoner 7 „ 



Four days per week, at £1 10 312 

Total per annum exclusive of interest, profit, management, and 

contingencies .. £1770 



The above figures are based on the assumption that 
every third day will be devoted to overhaulage and 
repairs, the driver's and attendants' wages on these days 
being therefore included in the £1250 item. 

The eight wagons would comprise sixteen axles, each 
carrying an average of 6| tons of goods or 100 tons of 
goods in all, leaving 60 tons for the weight of the empty 
train. 

The train mileage per day is estimated at 35 miles. 

Taking the above figures as a basis, the following 
approximate results are arrived at : — 
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£ s. d, 
£1770 
Working cost of train per day = 2O8 davs ~ ^ ^^ ^ 

Cost per train-mile = ^ — '- = 4 lOj 

Cost per ton-mile with full load =s -^ — ^-r^' = 0*683 pence 

or about three-Jifths of a penny per ton-mile. 

With } loads the figures would give 0*778 pence per ton-mile. 

Given such figures, however, it may be assumed that 
full loads will be almost constant, especially in the manu- 
facturing districts, or, as an alternative, that with nine or 
ten wagons, an average of 100 tons of goods will be 
maintained. 

With regard to the 25 per cent, set aside for depre- 
ciation, etc., it should be noted that this is equivalent (on 
a train working two-thirds of the year) to thirty-seven and 
a half per cent, as compared with a train working full 
time. Moreover, the 10 per cent, for depreciation would 
"write off" the train in ten years, whereas, with one- 
third of the year devoted to repairs, and with an elastic 
mechanism reducing shocks to a minimum, there is every 
reason to believe that the life of the train will extend 
to twenty years or even longer. 

The following calculations are interesting : — 

1. A train conveying 100 tons, 35 miles in a day, at 
Id. per ton per mile, would earn £14 11^. 8d, or a surplus 
over working cost of £6 1$. 6d. per day, or £1263 12^. per 
train per annum (208 working days) for management, 
fixed charges, contingencies, and profit I 

2. 100 tons, taken 35 miles, on 200 days, would repre- 



Ii6 NEW SYSTEM OF HEAVY GOODS TRANSPORT. 

sent 700,000 ton-miles, which, if charged at 24d. per ton- 
mile, would provide more than suflScient to pay the entire 
working cost, management, and repairs, and also to refund 
the whole capital outlay plus 5 per cent, interest in one year. 

It will be observed that these calculations do not 
include the dep6t engines, and it does not seem possible 
to arrive at any really trustworthy estimate of the rate 
per ton to be charged for collection and delivery off the 
lines of route. It is, however, evident that it could not in 
any case amount to more than a few pence per ton to be 
added to the through rate, and must certainly be very far 
below the present cost of rehandling and horse-haulage. 

In concluding this treatise, it only remains to mention 
that the average existing railway rate for distances up to 
35 miles, including terminal charges, appears to be about 
4kd. per ton per mile. *' Terminal charges " are for stations, 
management, etc. , and do not include collection or delivery. 

As compared with 4(i., a rate of Id. would be a 
reduction of seventy-Jive per cent. I 

Horse-haulage rates vary, according to districts, from 
10c?. to about Is. 6d. per ton per mile, and in sparsely 
populated districts, with scanty loads, and a possible rate 
of as much as 2i^., a corresponding reduction (75 per 
cent. ) would be obtained even on the lower figure ! 

Even though only based on " theoretical probabilities," 
the foregoing estimates are sufficiently striking and em- 
phatic to speak for themselves. They do not appear to 
require any comment. 

FINIS. 
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CASEY.— A TREATISE ON THE ANALYTICAL GEO- 
METRY OF THE POINT, LINE, CIRCLE, AND CONIC SECTIONS. 
By John Casey, LL.D., F.R.S. Crown Svo., 12s. 

RICHARDSON.— GEOMETRICAL CONIC SECTIONS. By 
G. Richardson, M.A. Crown Svo., 4s. 6d. 

SALMON— A TREATISE ON CONIC SECTIONS, containing 

an Account of some of the most Important Modern Algebraic and Geometric 
Methods. By G. Salmon, D.D., F.R.S. Svo., izs. 

5ilf/r^— GEOMETRICAL CONIC SECTIONS. By J. 

Hamblin Smith, M.A. Crown Svo., y. 6d. 
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THE CALCULUS, LOGARITHMS, ETC. 

^^^A:"^^. — GRAPHICAL CALCULUS. By Arthur H. 

Barker, B.A., B.Sc. With an Introduction by John Goodman, A.M.I.C.E. 
With 6i Diagrams. Crown 8vo. , 4s. 6d, 

MURRAY,— \^ox\i^ by DANIEL ALEXANDER MURRAY, 
Ph.D. 

AN ELEMENTARY COURSE IN THE INTEGRAL 

CALCULUS. With Answers to Exercises. Crown 8vo., dy. 

AN INTRODUCTORY COURSE IN DIFFERENTIAL 

EQUATIONS. Crown 8vo., 4J. 6d, 

TMTjP.— PRINCIPLES OF THE DIFFERENTIAL AND 

INTEGRAL CALCULUS. Applied to the Solution of Useful Problems in 
Mathematics and Mechanics. By THOMAS Tate. i2mo, 4^. 6d. 

TAYLOR.— Works by F. GLANVILLE TAYLOR. 
AN INTRODUCTION TO THE DIFFERENTIAL AND 

INTEGRAL CALCULUS AND DIFFERENTIAL EQUATIONS. 
Crown Svo., gs. 

AN INTRODUCTION TO THE PRACTICAL USE OF 

LOGARITHMS, WITH EXAMPLES IN MENSURATION. With 
Answers to Exercises. Crown Svo., is. 6d. 

WILL/A MSOJV.— Works by BENJAMIN WILLIAMSON, D.Sc. 
AN ELEMENTARY TREATISE ON THE DIFFERENTIAL 

CALCULUS; containing the Theory of Plane Curves, with numerous 
Examples. Crown Svo., ioj. 6d. 

AN ELEMENTARY TREATISE ON THE' INTEGRAL 

CALCULUS; containing Applications to Plane Curves and Surfaces, and 
also a Chapter on the Calculus of Variations, with numerous Examples. 
Crown Svo., 10s. 6d. 



GEOMETRY AND EUCLID. 

*^ For other Works, see Longmans fir* Co.^s Catalogue of Educational and School Books. 

^ZZJ/.^iV: — GREEK GEOMETRY FROM THALES TO 

EUCLID. By G. J. Allman. 8vo., iqj. dd. 

CASEY.— Works by JOHN CASEY, LL.D., F.R.S. 
THE ELEMENTS OF EUCLID, BOOKS I.-VI. and Pro- 

positions, I.-XXT. of Book XL, and an Appendix of the Cylinder, Sphere, 
Cone, etc. With Copious Annotations and numerous Exercises. Fcp. Svo. , 
4J. td. Key to Exercises. Fcp. Svo. , &. 

A SEQUEL TO THE ELEMENTS OF EUCLID. Part I. 

Books I.-VI. With numerous Examples. Fcp. Svo., 3J. dd. 

A TREATISE ON THE ANALYTICAL GEOMETRY OF 

THE POINT, LINE, CIRCLE AND CONIC SECTIONS. Containing 
an Account of its most recent Extension. Crown Svo., I2J. 
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GEOMETRY AND EVCLlO—Cdn/tnued, 

HAMILTOJV.— ELEMENTS OF QUATERNIONS. By the 
late Sir William Rowan Hamilton, LL. D. , M. R.I. A. Edited by Charles 
Jasper Joly, M.A., Fellow of Trinity College, Dublin. 2 vols. 4to. 21s. 
net each. 

HIME.— THE OUTLINES OF QUATERNIONS. By Lieut.- 

Colonel H. W. L. Hime, late Royal Artillery. Crown 8vo., lof. 

X6)^.— TEXT-BOOK ON PRACTICAL, SOLID, AND DE- 
SCRIPTIVE GEOMETRY. By David Allan Low, Professor of Engineer- 
ing, E^st London Technical College. Crown 8vo. 

Part I. With 114 Figures, 2s, 
Part II. With 64 Figures, 3^. 

MORRIS,— Vfoxks by I. HAMMOND MORRIS. 

PRACTICAL PLANE AND SOLID GEOMETRY, including 

Graphic Arithmetic fully Illustrated with Drawings prepared specially by the 
Author. Crown 8vo., 2J. 6d. 

GEOMETRICAL DRAWING FOR ART STUDENTS. 

Embracing Plane Geometry and its Applications, the Use of Scales, and the 
Plans and Elevations of Solids as required in Section I. of Science Subjects. 
CroNvn Svo. , 2J. 

SMITH.— ELEMENTS OF GEOMETRY. By J. Hamblin 

Smith, M.A. Containing Books i to 6, and portions of Books 11 and 12, of 
Euclid, with Exercises and Notes. Crown Svo., 3J. 6d. Key, crown Svo., 
Ss. 6d. 

Books I and 2, limp cloth, is. 6d., may be had separately. 
SFOONER.—TWE ELEMENTS OF GEOMETRICAL DRAW- 

ING : an Elementary Text-book on Practical Plane Geometry, including an 
Introduction to Solid Geometry. Written to include the requirements of the 
Syllabus of the Board of Education in Geometrical Drawing and for the use of 
Students preparing for the Military Entrance Examinations. By Henry J. 
Spooner, C.E., M.Inst.M.E. ; Director of the Polytechnic School of Engineer- 
ing, etc. Crown Svo., y. ftd. 

WATSON,— ELEMENTS OF PLANE AND SOLID GEO- 
METRY. By H. W. Watson, M.A. Fcp. Svo., y. M. 

^/Z^C^iV:— GEOMETRICAL DRAWING. For the use of 

Candidates for Army Examinations, andf iis an Introduction to Mechanical 
Drawing. By W. N. Wilson, M.A. Parts I. and II. Crown Svo., 45. td. 
each. 

H^/A^T^:^.— ELEMENTARY GEOMETRICAL DRAWING. 
By S. H. Winter. 

Part 1. Including Practical Plane Geometry, the Construction of 

Scales, the Use of the Sector, the Marquois Scales, and the Protractor. 
With 3 Plates and iocx> Exercises and Examination Papers. Post Svo., 5^. 
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TRIGONOMETRY. 

CASEY, — A TREATISE ON ELEMENTARY TRIGONO- 
METRY. By John Casey, LL. D. , F. R. S. , late Fellow of the Royal U ni versity 
of Ireland. With numerous Examples and Questions for Examination. i2mo, 

CZAJ^ir/i.—VLANE TRIGONOMETRY. Containing the more 

advanced Propositions, Solution of Problems and a complete Summary of For- 
mulse, Bookwork, etc. , together with recent Examination Papers for the Army, 
Woolwich, etc. With Answers. By the Rev. A. Dawson Clarke, M. A., St. 
John's College, Camtnridge. Crown 8vo., 5^. 

GOOD IV/N,— Works by H. B. GOODWIN, M.A. 
PLANE AND SPHERICAL TRIGONOMETRY. In Three 

Parts, comprising those portions of the subjects, theoretical and practical, 
which are required in the Final Examination for Rank of Lieutenant at 
Greenwich. 8vo. , 8j. 6d. 

ELEMENTARY PLANE TRIGONOMETRY. With numerous 

Examples and Examination Papers set at the Royal Naval College in recent 
years. With Answers. 8vo., 5J. 

SMITIf.— ELEMENTARY TRIGONOMETRY. By J. Hamblin 

Smith, M.A. Crown Svo., 4J. 6d. Key, 7s. 6d. 



OPTICS, PHOTOGRAPHY, ETC. 

ABNEY.—A TREATISE ON PHOTOGRAPHY. By Sir William 

DE WiVELESLiK Abney, K.C.B., F.R.S., Principal Assistant Secretary of the 
Secondary Department of the Bciard of Education. With 134 Illustrations. 
Fcp. 8vo., 5J. 

DRUDE.—TYiE THEORY OF OPTICS. By Paul Drude, 

Professor of Physics at the University of Giessen. Translated from the German 
by C. RiBORG Mann and Robert A. Millikan, Assistant Professors of 
Ph3rsics at the University of Chicago. With no Diagrams. 8vo., 15^. net. 

GLAZEBROOK,—?YiY^\QA\. OPTICS. By R. T. Glaze- 

brcxdk. M.A., F.R.S., Principal of University College, Liverpool. Witji 183 
Woodcuts of Apparatus, etc. Fcp. Svo., dr. 

VANDERFOEL.— COLOR PROBLEMS : a Practical Manual 

for the Lay Student of Color. By Emily Noyes Vandrrpoel. With 117 
Plates in Color. Square Svo. , 215. net. 

IVR/G^T,— OPTICAL PROJECTION : a Treatise on the Use 

of the Lantern in Exhibition and Scientific Demonstration. By Lewis Wright, 
Author of ' Light : a Course of Experimental Optics '. With 232 Illustrations. 
Crown Svo., dr. 
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SOUND, LIGHT, HEAT, AND THERMODYNAMICS. 

r9-4 K— NUMERICAL EXAMPLES IN HEAT. By R. E. 

Day, M.A. Fcp. 8vo., y. 6d. 

/Pi^Zr^^.— ELEMENTARY PRACTICAL SOUND, LIGHT 

AND HEAT. By Joseph S. Dexter, B.Sc. (Lond.), Physics Master, 
Technical Day School, The Polytechnic Institute, Regent Street. With 152 
Illustrations. Crown 8vo., 2^. 6d. 

EMTAGE.—IAGWT. By W. T. A. Emtage, M.A., ::>irector of 

Education, Mauritius. With 232 Illustrations. Crown 8vo., 6s ' 

HELMHOLTZ.—(m THE SENSATIONS OF TONE AS A 

PHYSIOLOGICAL BASIS FOR THE THEORY OF MUSIC. By Her- 
mann VON Helmholtz. Royal Bvo., 285. 

MAXWELL. -"YVl^O^X OF HEAT. By J. Clerk Maxwell 

M.A., F.R.SS., L. and E. With Corrections and Additions by Lord Ray 
LEIGH. With 38 Illustrations. Fcp. 8vo., 4J. 6rf. 

SMITI/.— THE STUDY OF HEAT. By J. Hamblin Smith, 

M.A., of Gonville and Caius College, Cambridge. Crown 8vo., y. 

TVN^DALL.— Works by JOHN TYNDALL, D.C.L, F.R.S. 
See p. 36. 

WORMELL,—K CLASS-BOOK OF THERMODYNAMICS. 

By Richard Wormell, B.Sc., M.A. Fcp. 8vo., \s. 6d. 

WRIGHT,— \Nox\is by MARK R. WRIGHT, M.A. 
SOUND, LIGHT, AND HEAT. With 160 Diagrams and 

Illustrations. Crown 8vo. , 2J. 6d, 

ADVANCED HEAT. With 136 Diagrams and numerous 

Examples and Examination Papers. Crown 8vo., 4^. 6d. 



STEAM, OIL, AND GAS ENGINES. 

BALE.-K HAND-BOOK FOR STEAM USERS; being Rules 

for Engine Drivers and Boiler Attendants, with Notes on Steam Engine and 
Boiler Management and Steam Boiler Explosions. By M. Powis Bale. 
M.LM.E., A.M.I.C.E. Fcp. 8vo., 2J. 6d. 

CLERK,--TliE GAS AND OIL ENGINE. By Dugald 

Clerk, Member of the Institution of Civil Engineers, Fellow of the Chemical 
Society, Member of the Royal Institution, Fellow of the Institute of Patent 
Agents. With 228 Illustrations. 8vo., 15^. 
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STEAM. OIL, AND QA8 EHQIHEQ- Conttnued. 

ffOLMES.— THE STEAM ENGINE. By George C. V. 

Holmes, Chairman of the Board of Works, Ireland. With 212 Illustrations. 
Fcp. 8vo., 6s. 

NEILSON,—Tl{E STEAM TURBINE. By Robert M. 

Neilson, Whitworth Exhibitioner, Associate Member of the Institute of 
Mechanical Engineers, Lecturer on Steam and the Steam Engine at the 
Heginbottom Technical School, Ashton-imder-Lyne. With 145 Illustrations. 
8vo. , js. 6d. net. 

NORRIS.—k PRACTICAL TREATISE ON THE *OTTO' 

CYCLE GAS ENGINE. By William Norris. M.I.Mech.E. With 207 
Illustrations. 8vo., 10s. 6d. 

^//IP^^.- Works by WILLIAM RIPPER, Professor of Mechani- 
cal Engineering in the Sheffield Technical School. 

STEAM. With 185 Illustrations. Crown 8vo., 2s. 6d. 

STEAM ENGINE THEORY AND PRACTICE. With 438 

Illustrations. 8vo., gs. 

SENNETT AND 0/^AAf,— THE MARINE STEAM ENGINE: 

A Treatise for Engineering Students, Young Engineers and Officers of the 
Royal Navy and Mercantile Marine. By the late Richard Sennett, 
Engineer-in-Chief of the Navy, etc. ; and Henry J. Oram, Senior Engineer 
Inspector at the Admiralty, Inspector of Machinery in H.M. Fleet, etc. 
With 414 Diagrams. 8vo.. 21s. 

STROMEYEI^.— MARINE BOILER MANAGEMENT AND 

CONSTRUCTION. Being a Treatise on Boiler Troubles and Repairs, 
Corrosion, Fuels, and Heat, on the properties of Iron and Steel, on Boiler 
Mechanics, Workshop Practices, and Boiler Design. By C. E. Stromeyer, 
Chief Engineer of the Manchester Steam Users' Association, Member of 
Council of the Institution of Naval Architects, etc. With 452 Diagrams, etc. 
8vo., I2J. net. 

ARCHITECTURE, BUILDING CONSTRUCTION. ETC. 

ADVANCED BUILDING CONSTRUCTION. By the Author 

of * Rivingtons' Notes on Building Construction '. With 385 Illustrations. 
Crown 8vo. , 4s. 6d, 

BURRELL,—B\51LDING CONSTRUCTION. By Edward J. 

Burrell, Second Master of the People's Palace Technical School, London. 
With 303 Working Drawings. Crown Svo. , ay. 6d. 

GWILT.—KN ENCYCLOPEDIA OF ARCHITECTURE. 

By Joseph Gwilt, F.S.A. Revised (1888), with Alterations and Considerable 
Additions by Wyatt Papworth. With 1700 Engravings. 8vo., 21J. net. 

PARKER AND UNWIN,— THE ART OF BUILDING A 

HOME : A Collection of Lectures and Illustrations. By Barry Parker and 
Raymond U.nwin. With 68 Full-page Plates. 8vo, lor. (id. net. 

^/C^^^Z?^.— BRICKLAYING AND BRICKCUTTING. By 

H. W. Richards, Examiner in Brickwork and Masonry to the City and Guilds 
of London Institute, Head of Building Trades Department, Northern Poly- 
technic Institute, London, N. With over 200 Illustrations. 8vo., 3J. td. 



Scientific Works published by Longmans^ Green^ 6^ Co, 15 



ARCHITECTURE, BUILDING CONSTRUCTION, lEXC- Continued. 

5^Z)Z>6>jV:— BUILDER'S WORK AND THE BUILDING 

TRADES. By CoL H. C. Seddon, R.E., late Superintending Engineer, 
H.M.'s Dockyard, Portsmouth; Examiner in Building Construction, Science 
and Art Department, South Kensington. With numerous Illustrations. 
Medium 8vo., idr. 

VAZD£J^,— BOOK OF TABLES, giving the Cubic Contents of 

from One to Thirty Pieces Deals, Battens and Scantlings of the Sizes usually 
imported or used in the Building Trades, together with an Appendix showing a 
large number of sizes, the Contents of which may be found by referring to the 
aforesaid Tables. By Thomas V alder. Oblong 4to,, 6s. net. 

RIYINGT0N8' COURSE OF BUILDING CONSTRUCTION. 

NOTES ON BUILDING CONSTRUCTION. Arranged to meet 

the requirements of the syllabus of the Board of Education. Medium 8vo. 

Part I. Elementary Stage. With 552 Illustrations, 9^. net. 

Part 'II. Advanced Stage. With 479 Illustrations, 9^. net. 

Part III. Materials. Course for Honours. With 188 Illustra- 
tions, i8j. net. 

Part IV. Calculations for Building Structures. Course for 

Honours. With 551 Illustrations, 135. net. 



ELECTRICITY AND MAGNETISM. 

ARRHENIUS,—K TEXT-BOOK OF ELECTROCHEMIS- 
TRY. By SvANTE Arrhenius, Professor at the University of Stockholm. 
Translated from the German Edition by John McCrae, Ph.D. With 58 
Illustrations. 8vo., 9^. 6d. net. 

C^^ £/5-«^/Z 5 (9 iV:— ELECTRO-DYNAMICS : the Direct- 
Current Motor. By Charles Ashley Carus- Wilson, M.A. Cantab. With 
71 Diagrams, and a Series of Problems, with Answers. Crown Svo., 75. 6rf. 

C ^7 J/ J//iV a— ELECTRICITY TREATED EXPERIMEN- 
TALLY. ByLiNNiKUsCuMMiNG, M.A. With 242 Illustrations. Cr. Svo. , 4J. 6^. 

Z)^ K— EXERCISES IN ELECTRICAL AND MAGNETIC 

MEASUREMENTS, with Answers. By R. E. Day. i2mo., 3J. td. 

FITZGERALD.— XY^Y. SCIENTIFIC WRITINGS OF THE 

LATE GEORGE FRANCIS FITZGERALD, Sc.D.. F.R.S.. F.R.S.E., 
Fellow of Trinity College, Dublin. Collected and Edited, with an Historical 
Introduction, by Joseph Larmor, Sec.R.S., Fellow of St. John's College, 
Cambridge. With Port/ait. 8vo., 15J. 

GORE.—^YLY. ART OF ELECTRO-METALLURGY, including 

all known Processes of Electro-Deposition. By G. Gore, LL.D., F.R.S. With 
56 Illustrations. Fcp. 8vo., dr. 

^^iVZ>^^56>A:— WorksbyJOHNHENDERSON,D.Sc.,F.R.S.E. 
PRACTICAL ELECTRICITY AND MAGNETISM. With 

159 Illustrations and Diagrams. Crown 8vo., dr. 6^. 

PRELIMINARY PRACTICAL MAGNETISM AND ELEC- 
TRICITY. Crown 8vo., \s. 
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ELECTRICITY AND MAGNETISM- a»M//it»<»f. 

/ffA^AYA:— ELECTRICITY AND MAGNETISM. By Fleeming 

Jenkin, F.R.S., M.I.C.E. With 177 Illustrations. Fcp. 8vo., y. 6d. 

/(9 67^^^/:— ELEMENTARY TREATISE ON ELECTRICITY 

AND MAGNETISM. Founded on Joubkrts * Traits El^raentaire d'Elec- 
tricit^'. By G. C. Foster, F.R.S., and E. Atkinson, Ph.D. With Illus- 
trations. Crown 8vo. [New Edition in the Press. 

/OyC^.— EXAMPLES IN ELECTRICAL ENGINEERING. 
By Samuel Joyce, A.I.E.E. Crown 8vo., y. 

Z^^Z^^iV:— ELECTRICITY FOR PUBLIC SCHOOLS AND 

COLLEGES. By W. Larden, M.A. With 215 Illustrations. Cr. Svo., 6s. 

MACLEAN AND MA/iCIf A JVT.-'ELEMENTARY QUES- 
TIONS IN ELECTRICITY AND MAGNETISM. With Answers. Com- 
piled by Magnus Maclean, D.Sc., M.I.E.E., and E. W. Marchant, D.Sc., 
A, I. E. E. Crown Svo. , i j. 

MEjRI^IFIEZI?.— MAGNETISM AND DEVIATION OF THE 

COMPASS. By John Merrifield, LL.D., F.R.A.S., i8mo., 2s. td. 

PA jR/^.— PRACTICAL ELECTRICAL TESTING IN PHYSICS 

AND ELECTRICAL ENGINEERING. By G. D. Aspinall Parr, Assoc. 
M.I.E.E. With 231 Illustrations. 8vo., 8j. 6^. 

PO KSi5^ie.— Works by A. W. POYSER, M.A. 

MAGNETISM AND ELECTRICITY. With 235 Illustrations. 

Crown 8vo. , as. 6d. 

ADVANCED ELECTRICITY AND MAGNETISM. With 

317 Illustrations. Crown Svo. , 4s. 6d. 

RHODES.— AN ELEMENTARY TREATISE ON ALTER- 

NATING CURRENTS. By W. G. Rhodes, M.Sc. (Vict.), Consulting 
Engineer. With 80 Diagrams. 8vo., 7J. 6d. net. 

SLINGO AND BROOKER.—^ox\i% by W. SLINGO and A. 
BROOKER, 

ELECTRICAL ENGINEERING FOR ELECTRIC LIGHT 

ARTISANS AND STUDENTS. With 371 Illustrations. Crown 8vo., ijw. 

PROBLEMS AND SOLUTIONS IN ELEMENTARY 

ELECTRICITY AND MAGNETISM. With 98 Illustrations. Cr. 8vo. , is. 

ryiYi9^ZZ.— WorksbyJOHNTYNDALL,D.C.L.,F.R.S.Seep.35. 



TELEGRAPHY AND THE TELEPHONE. 

HOPKINS. — TELEPHONE LINES AND THEIR PRO- 
PERTIES. By William J. Hopkins, Professor of Physics in the Drexel 
Institute, Philadelphia. Crown 8vo., ds. 

PREECE AND SIVEWRIGHT.-TEV.EGRAYYLY, By Sir W. 

H. Preece, K.C.B., F.R.S., V.P.Inst., C.E., etc., Engineer-in-Chief and Elec- 
trician, Post Office Telegraphs ; and Sir J. Sivewright, K.C.M.G., General 
Manager, South African Telegraphs. With 267 Illustrations. Fcp. 8vo. , 6^. 
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ANDERSON,— TH^ STRENGTH OF MATERIALS AND 

STRUCTURES : the Strength of Materials as depending on their Quality and 
as ascertained by Testing Apparatus. By Sir J. Anderson, C.E., lL.D., 
F.R.S.E. With 66 Illustrations. Fcp. 8vo., y. dd, 

BARR K— RAILWAY APPLIANCES : a Description of Details 

of Railway Construction subsequent to the completion of the Earthworks and 
Structures. By Sir John Wolfe Barry, K.C.B., F.R.S., M.I.C.E. With 
ai8 Illustrations. Fcp. 8vo., 41. 6^. 

GOODMAN'-W^QViK^lC^ APPLIED TO ENGINEERING. 

By John Goodman, Wh.Sch., A. M.I.C.E., M.I.M.E., Professor of Engineering 
in the Yorkshire College, Leeds (Victoria University). With 620 Illustrations 
and numerous Examples. Crown Svo. , 'js. 6d. net. 

LOW, — A POCKET-BOOK FOR MECHANICAL EN- 

GINEERS. By David Allan Low (Whitworth Scholar), M.I.Mech.E., 
Professor of Engineering, East London Technical College (People's Palace), 
London. With over 1000 specially prepared Illustrations. Fcp. Svo. , gilt edges, 
rounded comers, js, 6d. 

PARKINSON— LIGWT RAILWAY CONSTRUCTION. By 

Richard Marion Parkinson, Assoc. M. Inst. C.E. With numerous 
Diagrams.. Svo. 

^il/ZT!^.— GRAPHICS, or the Art of Calculation by Drawing 

Lines, applied especially to Mechanical Engineering. By Robert H. Smith, 
Professor of Engineering, Mason College, Birmingham. Part I. With 
separate Atlas of 29 Plates containing 97 Diagrams. Svo., 155. 

STONE Y.— i:\lE THEORY OF STRESSES IN GIRDERS 

AND SIMILAR STRUCTURES; with Practical Observations on the 
Strength and other Properties of Materials. By Bindon B. Stonky, LL,D., 
F. R. S. , M. I. C. E. With 5 Plates and 143 lUust. in the Text. Royal Svo. , 36J. 

C/NWIN— Works by W. CAWTHORNE UNWIN, F.R.S., B.Sc. 
THE TESTING OF MATERIALS OF CONSTRUCTION. 

A Text-book for the Engineering Laboratorv and a Collection of the Results 
of Experiment. With 5 Plates and iSS Illustrations and Diagrams. Svo. , 
z6r. net. 

ON THE DEVELOPMENT AND TRANSMISSION OF 

POWER FROM CENTRAL STATIONS : being the Howard Lectures 
delivered at the Society of Arts in 1S93. With Si Diagrams. Svo., 10s, net. 

J^^i?i?^iV^.— ENGINEERING CONSTRUCTION IN IRON, 

STEEL, AND TIMBER. By William Henry Warren, Challis Professor 
of Civil and Mechanical Engineering, University of Sydney. With 13 Folding 
Plates and 375 Diagrams. Royal Svo. , 16s. net. 

WBEEZER.— THE SEA COAST: Destruction, Littoral Drift, 

Protection. By W. H. Wheeler, M.Inst. C.E. With 3S Illustrations an4 
Diagram. Medium Svo., 10s, 6d. net 
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LONGMANS' CIVIL ENGINEERING SERIES. 

CIVIL ENGINEERING AS APPLIED TO CONSTRUCTION. 

By Leveson Francis Vernon-Harcourt, M.A., M.Inst.C.E. With 368 
Illustrations. Medium 8vo., x\5. net. 

Contents. — Materials, Preliminary Works, Foundations and Roads — Railway Bridge and 
Tunnel Engineering — River and Canal Engineenng^Irrigation Works-^Dock Works and 
Maritime Engineering — Sanitary Engineering. 

NOTES ON DOCKS AND DOCK CONSTRUCTION. By C. 

COLSON, M.InstC.E. With 365 Illustrations. Medium Svo., 21 j. net. 

CALCULATIONS IN HYDRAULIC ENGINEERING: a 

Practical Text-Book for the use of Students. Draughtsmen and Engineers. By 
T. Claxton Fidler, M.Inst.C.E. 

Part I. Fluid Pressure and the Calculation of its Effects in En- 
gineering Structures. With numerous lUustns. and Examples. 8vo.,dr. (id. net. 

Part II. Calculations in Hydro- Kinetics. With numerous Illus- 
trations and Examples. Svo. , 'js. 6d. net. 

RAILWAY CONSTRUCTION. By W. H. Mills, M.LC.E., 

Engineer-in-Chief of the Great Northern Railway of Ireland. With 516 Illus- 
trations and Diagrams. Svo. , i8j. net. 

PRINCIPLES AND PRACTICE OF HARBOUR CON- 

STRUCTION. By William Shield, F.R.S.E. , M.Inst.C.E. With 97 Illus- 
trations. Medium 8vo., ly, net. 

TIDAL RIVERS: their (i) Hydraulics, (2) Improvement, (3) 

Navigation. By W. H. Wheeler, M.Inst. C.E. With 75 Illustrations. 
Medium 8vo., its. net. 



MACHINE DRAWING AND DESIGN. 

/;^^._ Works by DAVID ALLAN LOW, Professor of Engineer- 
ing, East London Technical College (People's Palace). 

IMPROVED DRAWING SCALES, ed. in case. 

. AN INTRODUCTION TO MACHINE DRAWING AND 

DESIGN. With 153 Illustrations and Diagrams. Crown Svo, 2J. 6d. 

low AND BE VIS,— k MANUAL OF MACHINE DRAWING 

AND DESIGN. By David Allan Low and Alfred William Bevis, 
M.I.Mech.E. With 700 Illustrations. 8vo., yj. 6d. 

C/J^rWIM— THE ELEMENTS OF MACHINE DESIGN. By 

W. Cawthorne Unwin, F.R.S. 

Part I. General Principles, Fastenings, and Transmissive 

Machinery. With 345 Diagrams, etc. Fcp.Swo., 7s. 6d. 

I Part 11. Chiefly on Engine Details. With 259 Illustrations. 

Fcp. Svo. , 6j. 



Scientific Works published by Longmans^ Green^df Co* 19 



NAVAL ARCHITECTURE. 

ATT WOOD. —T-EsXT-BOOK OF THEORETICAL NAVAL 

ARCHITECTURE : a Manual for Students of Science Classes and Draugbts- 
men Engaged in Shipbuilders' and Naval Architects' Drawing Offices. By 
Edward Lewis Attwood, Assistant Constructor, Royal Navy; Member of 
the Institution of Naval Architects ; Lecturer on Naval Construction at the 
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NOJ^T^COTT— LATHES AND TURNING, Simple, Mecha- 

nical and Ornamental. By W. H. Northcott. With 338 Illustrations. 8vo.,i8j. 
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DESCRIPTIVE MINERALOGY. With 236 Illustrations. 

Fcp. 8vo., 6s. 
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With 56 Illustrations. Fcp. Bvo. ,6s. 

HUNTINGTON AND MCMILLAN. -METALS: their Properties 
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E. L. Rhead, Lecturer on Metallurgy at the Municipal Technical School, 
Manchester. With 04 Illustrations. Fcp. Bvo., y, 6d. 

RHEAD AND 5^^r6>iV:— ASSAYING AND METALLUR- 
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and A. Humboldt Sexton, F.I.C, F.C.S., Professor of Metallurgy, Glasgow 
and West of Scotland Technical College. Bvo. , lor. 6d. 

RUTZE v.— THE STUDY OF ROCKS: an Elementary Text- 
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trations. Fcp. Bvo. , 4s. 6d. 
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ELEMENTS OF ASTRONOMY. With 130 Figures and Dia- 
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A CLASS-BOOK OF ASTRONOMY. With 41 Diagrams. 
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DE CAMP/GJVi: C/LLJSS,— OBSERVATIOI^S TAKEN AT 
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C/ZZ.— TEXT-BOOK ON NAVIGATION AND NAUTICAL 
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/OI^BAN.— ESSAYS IN ILLUSTRATION OF THE ACTION 
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LAUGHTON,—AN INTRODUCTION TO THE PRAC- 
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LOWELL, — MARS. By Percival Lowell, Fellow American 

Academy, Member Royal Asiatic Society, Great Britain and Ireland, etc. 
. With 24 Plates. 8vo., laj. td. 

ilf^J?77W:— NAVIGATION AND NAUTICAL ASTRONOMY. 
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MERRIFIELD,—A TREATISE ON NAVIGATION. For 

the Use of Students. By J. Merrifield, LL.D., F.R.A.S., F.M.S. With 
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A4^i?'jEi?.— ELEMENTS OF ASTRONOMY. With Numerous 

Examples and Examination Papers. By George W. Parker, M.A., o' 
Trinity College, Dublin. With 84 Diagrams. 8vo. , 51. 6d. net. 

H^-fi"^^.— CELESTIAL OBJECTS FOR COMMON TELE- 
SCOPES. By the Rev. T. W. Webb, M.A., F.R.A.S. Fifth Edition, 
Revised and greatly Enlarged by the Rev. T. E. Espin, M.A. , F.R. A.S. (Two 
Volumes.) Vol. I., with Portrait and a Reminiscence of the Author, 2 Plates, 
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OTHER WORLDS THAN OURS: the Plurality of Worlds 
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to the Use of the Telescope as a means of Amusement and Instruction. With 
7 Plates. Fcp. 8va, 2J. 6d, 
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ADVANCED GEOLOGY. A Manual for Students in Advanced 

Classes and for General Readers. With over 300 Illustrations, a Geological 
Map of thp British Isles (coloured), ana a set of Questions for Examination. 
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Crown 8vo., 4J. 6d. 
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ELEMENTARY PHYSIOGRAPHY: an Introduction to the 
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BJSJDJDAI^D:— THE STRUCTURE AND CLASSIFICATION 
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and 331 Illustrations in the Text. Crown Bvo. , 6s. net. 
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4to. , 40;. net. 
Contents : The Fram — The Jurassic Fauna of Cape Flora. With a Geological Sketch 
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CELLULOSE : an Outline of the Chemistry of the Structural 

Elements of Plants. With reference to their Natural History and Industrial 
Uses. (C. F. Cross, E. J. Bkvan and C. Beadle.) With 14 Plates. 
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by Sir B. A. DOBSON, C.E., M.I.M.E. With 169 Diagrams and Illustrations. 
Crown 8vo. , js. 6d, net. 

i?/Cia^i?/^5.— BRICKLAYING AND BRICK-CUTTING. By 
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B [/CKTON— HEALTH IN THE HOUSE. By Mrs. C. M. 

BucKTON. With 41 Woodcuts and Diagrams. Crown Svo. , 2J. 
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MEDICINE AND SURGERY. 

ASH BY AND ^^/6^^7:— THE DISEASES OF CHILDREN, 

MEDICAL AND SURGICAL. By Henry Ashby, M.D., Lond., F.R.C.P., 
Physician to the General Hospital for Sick Children, Manchester ; and G. A. 
Wright, B.A., M.B. Oxon., F.R.C.S., Eng. , Assistant-Surgeon to the Man- 
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SENTLEY.—K TEXT-BOOK OF ORGANIC MATERIA 
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CABOT.— A GUIDE TO THE CLINICAL EXAMINATION 

OF THE BLOOD FOR DIAGNOSTIC PURPOSES. By Richard C. 
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CHEYNE AND BURGHARD.—k MANUAL OF SURGICAL- 

TREATMENT. By W. Watson Cheyne, C.B.. M.B., F.R.C.S., F.R.&, 
Professor of Surgery in King's College, London, Surgeon to King's Coll^^- 
Hospital, etc ; and F. F. Burghard, M.D. and M.S., F.R.C.S., Teacher of 
Practical Surgery in King's College, London, Surgeon to King's College, 
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Part II. The Treatment of the Surgical Affections of the Tissues,. 

including the Skin and Subcutaneous Tissues, the Nails, the Lymphatic - 
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Royal 8vo., 14^. 

Part III. The Treatment of the Surgical Affections of the Bones.. 

Amputations. With 100 Illustrations. Royal 8vo., 12^. 

Part IV. The Treatment of the Surgical Affections of the Joints- 

(including Excisions) and the Spine. With 138 Illustrations. Royal 8vo. , 14^. 

Part V. The Treatment of the Surgical Affections of the Head, 

Face, Jaws, Lips, Lamyx and Trachea; and the Intrinsic Diseases of the- 
Nose, Ear and Larynx, by H. LAMBERT Lack, M.D. (Lond.), F.R.C.S., 
Surgeon to the Hospital for Diseases of the Throat, Golden Square, and to • 
the Throat and Ear Department, The Children's Hospital, Paddingtoi> 
Green. With 145 Illustrations. Royal 8vo., i8j. 

Part VI. Section I. The Treatment of the Surgical Affections of 

the Tongue and Floor of the Mouth, the Pharynx, Neck, CEsophagus, Stomach, 
and Intestines. With 124 Illustrations. Royal 8vo., \%s. 

Section II. The Treatment of the Surgical Affections of 
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Organs. With Illustrations. Royal 8vo. \In preparation, 

CL^/^iiCE.— POST-MORTEM EXAMINATIONS IN MEDICO- 
LEGAL AND ORDINARY CASES. With Special Chapters on the Legal- 
Aspects of Post-mortems, and on Certificates of Death. By J. Jackson 
Clarke, M.B. Lond., F.R.C.S., Assistant Surgeon at the North-west London 
and City Orthopaedic Hospitals, etc. Fcp. 8vo., 2J. td, 

COATS.— h MANUAL OF PATHOLOGY. By Joseph 
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Fourth Edition, Revised throughout and Edited by Lewis R. Sutherland, 
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COOXE.— Works by THOMAS COOKE, F.R.C.S. Eng., B.A., 
B.Sc, M.D., Paris. 

TABLETS OF ANATOMY. Being a Synopsis of Demonstra- 
tions given in the Westminster Hospital Medical School. Eleventh Edition, 
in Three Parts, thoroughly brought up to date, and with over 700 lUustrar 
tions from all the best Purees. British and Foreign. Post 410. 

Part I. The Bones. 7^. 6d. net. 

Part II. Limbs, Abdomen, Pelvis. los. 6<f. net. 

Part III. Head and Neck, Thorax, Brain, los. 6d. net- 
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^<706>Ar^.— Works by THOMAS COOKE {continued). 

APHORISMS IN APPLIED ANATOMY AND OPERATIVE 

SURGERY. Including 100 Typical viva voce Questions on Surface Marking, 
etc. Crown 8vo., 3J. €d. 

DISSECTION GUIDES. Aiming at Extending and Facilitating 
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.DAKIN.—K HANDBOOK OF MIDWIFERY. By William 
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.DICKINSON.— y^ovks by W. HOWSHIP DICKINSON, M.D. 
Cantab., F.R.C.P. 

ON RENAL AND URINARY AFFECTIONS. With 12 

Plates and 122 Woodcuts. Three Parts. Svo., £^ 41. 6d. 

THE TONGUE AS AN INDICATION OF DISEASE: 

being the Lumleian T-,ectures delivered March, 1888. 8vo., js. 6d. 
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1896. 8V0.. I2J. 

MEDICINE OLD AND NEW. An Address Delivered on 

the Occasion of the Opening of the Winter Session, 1899-1900, at St. George's 
Hospital Medical School, on 2nd October, 1899. Crown 8vo., zs. 6d. 

.DUCKWORTH.— y^ox\i% by Sir DYCE DUCKWORTH, M.D., 
LL.D., Fellow and Treasurer of the Royal College of Phy- 
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THE SEQUELS OF DISEASE : being the Lumleian Lectures, 

1896. 8vo., lor. 6rf. 

THE INFLUENCE OF CHARACTER AND RIGHT 
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^RICHSEN.—liliE SCIENCE AND ART OF SURGERY; 

a Treatise on Surgical Injuries, Diseases, and Operations. By Sir John Eric 
Erichsen, Bart., F.R.S., LL.D. Edin., Hon. M.Ch. and F.R.C.S. Ireland. 
Illustrated by nearly 1000 Engravings on Wood. 2 vols. Royal 8vo., 48J, 

jroWLER AND GODLEE.—TYIE DISEASES OF THE 
LUNGS. By James Kingston Fowler, M.A., M.D., F.R.C.P., Physician 
to the Middlesex Hospital and to the Hospital for Consumption and Diseases 
of the Chest, Brompton, etc. ; and RiCKMAN John Godlee, Honorary Surgeon 
in Ordinary to His Majesty, M.S., F.R.C.S., Fellow and Ptofessor of Clinical 
■Surgery, University College, London, etc. With 160 Illustrations. 8vo., 25J. 
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GARROD.—V^ork^ by Sir ALFRED BARING GARROD^ 
M,D., F.R.S., etc. 

A TREATISE ON GOUT AND RHEUMATIC GOUT 

(RHEUMATOID ARTHRITIS). With 6 Plates, comprising 21 Figures 
(14 Coloured), and 27 Illustrations engraved on Wood. 8vo., 21 j. 

THE ESSENTIALS OF MATERIA MEDICA AND THERA- 
PEUTICS. Crown 8vo., i2j. 6d. 

GOA£>BK— THE MYCOLOGY OF THE MOUTH : a Text- 
Book of Oral Bacteria. By Kenneth W. Goadby, L.D.S. En^., etc. ; 
Bacteriologist and Lecturer on Bacteriology, National Dental Hospital, etc. 
With numerous Illustrations. 8vo. 

GOODSALL AND il//Z.E5.— DISEASES OF THE ANUS AND 

RECTUM. Bjr D. H. GooDSALL, F.R.C.S., Senior Surgeon, Metropolitan 
Hospital ; Senior Surgeon, St. Mark's Hospital ; and W. Ernest Miles^ 
F.R.C.S., Assistant Surgeon to the Cancer Hospital, Surgeon (out-patients)^ 
to the Gordon Hospiul, etc. (In Two Pans.) Part I. With 91 Illustrations. 
8vo., 7 J. dd. net. 

GRA y.— ANATOMY, DESCRIPTIVE AND SURGICAL. By 

Henry Gray, F.R.S., late Lecturer on Anatomy at St. George's HospitaH 
Medical School The Fifteenth Edition Enlarged, edited by T. Pickering. 
Pick, F.R.C.S., Consulting Surgeon to Si. George's Hospital, etc., and by 
Robert Howden, M.A., M.B., CM., Professorof Anatomy in the University of 
Durham, etc. With 772 Illustrations, a large proportion of which are Coloured, 
the Arteries being coloured red, the Veins blue, and the Nerves yellow. The 
attachments of the muscles to the bones, in the section on Osteology, are- 
also shown in coloured outline. Royal 8vo., 32J. net. 

JfALLIBURTON,—'^ox\L% by W. D. HALLIBURTON, M.D., 
F.R.S., Professor of Physiology in King's College, London. 

A TEXT-BOOK OF CHEMICAL PHYSIOLOGY AND 

PATHOLOGY. With 104 Illustrations. 8vo., 28J. 

ESSENTIALS OF CHEMICAL PHYSIOLOGY. With 77 

Illustrations. 8vo., 5J. 

L^iVG.— THE METHODICAL EXAMINATION OF THE 

EYE. Being Part I. of a Guide to the Practice of Ophthalmology for Students 
and Practitioners. By William Lang, F.R.C.S. Eng., Surgeon to the Royal 
London Ophthalmic Hospital, Mooriields, etc. With 15 Illustrations. 
Crown 8vo., 3J. 6rf 

Z67^7^— TEXT-BOOK OF FORENSIC MEDICINE ANI> 

TOXICOLOGY. By Arthur P. Luff, M.D., B.Sc. (Lond.), Physician 
in Charge of Out-Patients and Lecturer on Medical Jurisprudence and 
Toxicology in St. Mary's Hospital. With 13 full-page Plates (i in' colours). and 
33 Illustrations in the Text. 2 vols. Crown 8vo., 24^. 
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BoYCE and C. S. Sherrington. With Plates and Illustrations m the text. 
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I. Malarial Fever : Its Cause, Prevention and Treatment. Con- 
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in Malarious Places. By Ronald Ross, C.B., F.R.S., F.R.C.S. Ninth 
Edition, Revised and Enlarged. With Frontispiece. 8vo., 2s. 6d. 

II. Report of the Malaria Expedition to West Africa, August, 1899. 
By Ronald Ross, C.B., F.R.S., F.R.C.S., H. E. Annett, M.D., D.P.H. 
and E. E. Austen. With Supplementary Reports by Major G. M. Giles,. 
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III. Report of the Malaria Expedition to Nigeria. Part I. Ma- 
larial Fever, etc. By H. E. Annett, M.D., J. Everett Dutton, M.B. 
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IV. Report of the Malaria Expedition to Nigeria. Part II. 
Filariasis. By H. E. Annett, M.D., J. Everett Dutton, M.B. and J. H. 
Elliott, M.D. 15.V. 

V. Part I. First Progress Report of the Campaign against 

Mosquitoes in Sierra Leone (1901). By Ronald Ross, C.B., F.R.C.S.,. 
F.R.S. 8vo., I J. 

VII. Report of the Yellow Fever Expedition to Para (1900). By 
H. E. Durham, M.B., F.R.C.S., and the late Walter Myers, M.B. 
4to., 7J. 6d. 

MISCELLANEOUS. 

Notes on Sanitary Conditions obtaining in Pard. By the Members 
OP THE Yellow Fever Expedition. 8vo., is. 

PAGET,— Edited by STEPHEN PAGET. 

SELECTED ESSAYS AND ADDRESSES. By Sir JAMES 

PAGET. 8vo., I2J. 6d. net. 

MEMOIRS AND LETTERS OF SIR JAMES PACKET, Bart., 

F. R.S., D.C. L. , late Sergeant-Surgeon to Her Majesty Queen Victoria. Witli. 
6 Portraits (3 Photogravures) and 4 other Illustrations. 8vo., 12^. 6^. net. 

PICH:.— SURGERY : a Treatise for Students and Practitioners. 
By T. Pickering Pick, Consulting Surgeon to St. George's Hospital ; Senior 
Surgeon to the Victoria Hospital for Children ; H.M. Inspector of Anatomy in 
England and Wales. With 441 Illustrations. Medium 8vo. , 255. 

POOLE.— COOKERY FOR THE DIABETIC. By W. H. and 

Mrs. Poole. With Preface by Dr. Pavy. Fcap. 8vo., 2s. 6d, 

PROBYN-WILLIAMS.—K PRACTICAL GUIDE TO THE 

ADMINISTRATION OF ANAESTHETICS. By R. J. Probyn-Williams, 
M.D., Anaesthetist and Instructor \j\ Anaesthetics at the London Hospital; 
Lecturer in Anaesthetics at the London Hospital Medical College, etc. With« 
34 Illustrations. Crown 8vo. , \s, 6d. net. 
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Murray, M.D., F.R.C.P., Joint Lecturer on Medicine, Charing Cross Medical 
School, and Physician to Out-Patients. Charing Cross Hospital ; assisted by 
John Harold, M.B., B.Ch., B.A.O.. Physician to St. John's and St. Eliza- 
beth's Hospital; and W. Cecil Bosanquet, M.A., M.D., M.R.C.P., 
Physician to Out-Patients, Victoria Hospital for Children, Chelsea. With 
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Professor of Anatomy in University College, London. 



Vol. L, Part I. EMBRYOLOGY. 
By E. A. Schafer, F.R.S. With 
200 Illustrations. Royal 8vo. , 9^. 

Vol. I., Part II. GENERAL ANA- 
TOMY OR HISTOLOGY. By E. 
A. Schafer, F.R.S. With 291 
Illustrations. Royal 8vo.. i2J. 6d. 

Vol. II., Part I. OSTEOLOGY— 
ARTHROLOGY. By G.D. Thane. 
With 224 lUus. Royal Svo., 11s. 

Vol. II., Part II. MYOLOGY— 
ANGEIOLOGY. By G.D. Thane. 
With 199 Illustrations. Royal Svo. , 
165. 

Vol. III., Part I. THE SPINAL 
CORD AND BRAIN. By E. A. 
Schafer, F.R.S. With 139 Illus- 
trations. Royal 8vo., i2j. 6d. 



Vol, III., Part II. THE NERVES. 
By G. D. Thane. With loa 
Illustrations. Royal Svo., 9^. 

Vol. III., Part III. THE ORGANS 
OF THE SENSES. By E. A. 
SchXfer, F.R.S. With 178 Illus- 
trations. Royal Svo., 9^. 

Vol. III., Part IV. SPLANCH- 
NOLOGY. By E. A. Schafer, 
F.R.S.,and Johnson Symingtpn, 
M.D. With 337 Illustrations. Royal 
Svo., 16s. 

Appendix. SUPERFICIAL AND 
SURGICAL ANATOMY. By 
Professor G. D. Thane and Pro- 
fessor R. J. Godlee, M.S. With 
29 Illustrations. Royal Svo., 6s, 6d. 



SCHAFER.— Works by E. A. SCHAFER, F.R.S., Professor of 
Physiology in the University of Edinburgh. 

THE ESSENTIALS OF HISTOLOGY. Descriptive and 

Practical. For the Use of Students. With 463 Illustrations. Svo., 9J. net. 

DIRECTIONS FOR CLASS WORK IN PRACTICAL 

PHYSIOLOGY : Elementary Physiology of Muscle and Nerve and of the 
Vascular and Nervous Systems. With 4S Diagrams and 24 pages of plain 
paper at end for Notes. Svo., y. net. 



SMALE AND C(9Z K^i?.— DISEASES AND INJURIES OF 

THE TEETH, including Pathology and Treatment. By Morton Smale, 
M.R.C.S., L.S.A., L.D.S., Dental Surgeon to St. Mary's Hospital, Dean of 
the School, Dental Hospital of London, etc. ; and J. F. Colyer, L.R.C.P., 
M.R.C.S., L.D.S., Dental Surgeon to Charing Cross Hospital and to the 
Dental Hospital of London, ^ond Edition Revised and Enlarged by J. F. 
Colyer. With 640 Illustrations. Large crown Svo., 21J. net. 
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Henry Fly Smith, B.A., M.B. Oxon., M.R.C.S. 41 Woodcuts. Cr. 8vo., 51. 

STEVENSON.— '^OX^'^Xy^ IN WAR: the Mechanism of their 

Pioduction and their Treatment. By Surgeon-Colonel W. F. Stevenson 
(Army Medical Staff), A.B., M.B., M.Ch. Dublin University, Professor of 
Military Surgery, Army Medical School, Netley. With 86 Illustrations. Svo. , i8j. 

TAPPEINER, — INTRODUCTION TO CHEMICAL 

METHODS OF CLINICAL DIAGNOSIS. By Dr. H. Tappeiner, 
Professor of Pharmacology and Principal of the Pharmacological Institute ck 
the University of Munich. Translated by Edmond J. McWeeney, M. A. , M. D. 
(Royal Univ. of Ireland), L.R.C.P.I., etc. Crown Svo., y. 6rf. 

WALLER,— y^ox\i% by AUGUSTUS D. WALLER, M.D., 
Lecturer on Physiology at St. Mary's Hospital Medical School,. 
London ; late External Examiner at the Victorian University. 

AN INTRODUCTION TO HUMAN PHYSIOLOGY. Third 

Edition, Revised. With 314 Illustrations. Svo., i8j. 

LECTURES ON PHYSIOLOGY. First Series. On Animal 

Electricity. Svo., 5J. net. 



VETERINARY MEDICINE, ETC. 

FITZWYGRAM,—YLO^'^YI^ AND STABLES. By Lieut.- General 

Sir F. FiTZWYGRAM, Bart. With 56 pages of Illustrations. 8vo., 3^. net. 

STEEL,— ^oxV^ by JOHN HENRY STEEL, KR.C.V.S., F.Z.S., 
A.V.D., late Professor of Veterinary Science and Principal of 
Bombay Veterinary College. 

A TREATISE ON THE DISEASES OF THE DOG ; being 

a Manual of Canine Pathology. Especially adapted for the use of Veterinary 
Practitioners and Students. With 88 Illustrations. Svo. , lor bd, 

A TREATISE ON THE DISEASES OF THE OX ; being a 

Manual of Bovine Pathology. Especially adapted for the use of Veterinary 
Practitioners and Students. With 2 Plates and 117 Woodcuts. Svo. 15J. 

A TREATISE ON THE DISEASES OF THE SHEEP ; being 

a Manual of Ovine Pathology for the use of Veterinary Practitioners and 
Students. With Colour^ Plate and 99 Woodcuts. Svo. , i2j. 
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^5^-^ K— NOTES ON PHYSIOLOGY FOR THE USE OF 

STUDENTS PREPARING FOR EXAMINATION. By Henry Ashby, 
M.D. Lond., F.R.C.P.. Physician to the General Hospital for Sick Children, 
Manchester ; formerly Demonstrator of Physiology, Liverpool School of 
Medicine. With 148 Illustrations. i8mo. , ^j. 

^AJ^JVETT.—TUE MAKING OF THE BODY : a Children's 

Book on Anatomy and Physiology. By Mrs. S. A. Baknett. With 113 Illus- 
trations. Crown Svo. , is. gd. 

^EDDARD.—^oxVs by FRANK E. BEDDARD, M.A. Oxon. 
ELEMENTARY PRACTICAL ZOOLOGY. With 93 Illustra- 

tions. Crown Svo. , :ts. 6d. 

THE STRUCTURE AND CLASSIFICATION OF BIRDS. 

With 252 Illustrations. Svo., 21s. net. 

JBIDGOOD.—k COURSE OF PRACTICAL ELEMENTARY 

BIOLOGY. By John Bidgood, B.Sc., F.L.S. With 226 Illustrations. 
Crown Svo. , 4J. (>d. 

^C^^'i?.— RESPONSE IN THE LIVING AND NON-LIVING. 

By JagadisChunder Bose, M.A. Cantab., D.Sc. Lond., Professor, Presidency 
College, Calcutta. With 117 Illustrations. Svo. 

*^ This volume describes experimental investigations on animal^ vegetable and 
inorganic substances regarding their response to stimulus. These researches show that 
the effects of fatigue, stimulants, depressants and poisons are alike in the organic and 
inorganic, and demonstrate that the response phenomena in the * living* have been 
foreshadowed in the * non-living' . 

CHAPMAN.— THE FORAMINIFERA : An Introduction to the 
Study of the Protozoa. By Frederick Chapman, A.L.S., F.R.M.S. 
With 14 Plates and 42 Illustrations in the Text. Svo. , 9J. net. 

FUPNEAUX.—YLUUK^ PHYSIOLOGY. By W. Furneaux, 

F.R.G.S. With 218 Illustrations. Crown Svo., 2j. 6d. 

HUDSON AND GOSS£,— THE ROTIFERA, or ^WHEEL- 

ANIMACULES'. By C. T. Hudson, LL.D., and P. H. GossE, F.R.S. 
With 30 Coloured and 4 Uncoloured Plates. In 6 Parts. 4to., ioj. 6d. each. 
Supplement 12s. 6d. Complete in 2 vols., with Supplement, 4to., £4. 4s. 

JfACAZISTEE. — Works by ALEXANDER MACALISTER, 
M.D. 

AN INTRODUCTION TO THE SYSTEMATIC ZOOLOGY 

AND MORPHOLOGY OF VERTEBRATE ANIMALS. With 41 
Diagrams. Svo., 10s. 6d. 

ZOOLOGY OF THE INVERTEBRATE ANIMALS. With 

59 Diagrams. Fcp. Svo. , is. 6d. 

ZOOLOGY OF THE VERTEBRATE ANIMALS. With 77 

Diagrams. Fcp. Svo., is. 6d. 
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ELEMENTARY PLANT PHYSIOLOGY. With 108 lUustra- 
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il/6^6>i?^.— ELEMENTARY PHYSIOLOGY. By Benjamin 

Moore, M.A., Lecturer on Physiology at the Charing Cross Hospital Medical 
SchooL With 125 Illustrations. Crown 8vo. , y. 6d. 

MORGAN.— k^lUKL BIOLOGY : an Elementary Text-Book. 

By C. Lloyd Morgan, F.R.S., Principal of University College, Bristol. With 
103 Illustrations. Crown ^vo. , 8j. 6d. 

SCHAF^jR.— DIRECTIONS FOR CLASS WORK IN PRAC- 
TICAL PHYSIOLOGY : Elementary Physiology of Muscle and Nerve and of 
the Vascular and Nervous Systems. By E. A. Schafer, LL.D., F.R.S., 
Professor of Physiology in the University of Edinburgh. With 48 Diagrams^ 
8vo., 3J. net. 

THORNTON.— HVMAN PHYSIOLOGY. By John Thornton, 

M.A. With 267 Illustrations, some Coloured. Crown 8vo., 6s. 
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CC/RT/S.— THE ESSENTIALS OF PRACTICAL BACTERI- 
OLOGY : An Elementary Laboratory Book for Students and Practitioners. By 
H. J. Curtis, B.S. and M.D. (Lond.), F.R.C.S. With 133 Illustrations. 8vo. , gs. 

jDH/NGRA.—AN INTRODUCTION TO BACTERIOLOGY. 

(Specially designed for Indian Medical Students.) By M. L. Dhingra, 
M.D.D.P.H. 

/?i??^A^A'Z^A^Z?.— MICRO-ORGANISMS IN WATER. To- 

gether with an Account of the Bacteriological Methods involved in their 
Investigation. Specially designed for the use of those connected with the 
Sanitary Aspects of Water-Supply. By Percy Frankland, Ph.D., B.Sc. 
(Lond.), F.R.S., and Mrs. Percy Frankland. With 2 Plates and Numerous 
Diagrams. 8vo. , 16s. net. 

i^^^A^^Z^A^Z>.— BACTERIA IN DAILY LIFE. By Mrs. 
Percy Frankland, F.R.M.S. 

G0A2?B v.— THE MYCOLOGY OF THE MOUTH: A Text- 
Book of Oral Bacteria. By Kenneth W. Goadby, L.D.S. Eng., etc. •„ 
Bacteriologist and Lecturer on Bacteriology, National Dental Hospital, etc.. 
With numerous Illustrations. 8vo. 

KLOCKER. — FERMENTATION ORGANISMS. By Dr. 

KlOcker. Carlsberg Laboratory, Coi>enhagen. Translated by G. E. Allan,. 
B.Sc., and J. H. Millar, F.I.C, Birmingham University. 
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/^/rA-^A^. — ELEMENTARY TEXT-BOOK OF BOTANY. 
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Crown 8vo. , \s, 6d. 

BENNETT and MC/J^J^A V.—HA}^DB00K. OF CRYPTO- 

GAMIC BOTANY. By Alfred W. Bennett, M.A., B.Sc., F.L.S., Lecturer 
on Botany at St. Thomas's Hospital ; and George Murray, F.L.S., Keeper 
of Botany, British Museum. With 378 Illustrations. Svo., 16s, 

CROSS AND BE VAN— Works by C. F. Cross, E. J. Bevan and 
C. Beadle. 

CELLULOSE : an Outline of the Chemistry of the Structural 

Elements of Plants. With Reference to their Natural History and Industrial 
Uses. With 14 Plates. Crown Svo., 12s. net. 

RESEARCHES ON CELLULOSE, 1895-1900. Cr. 8vo., 6j. net. 
CURTIS.— h. TEXTBOOK OF GENERAL BOTANY. By 

Carlton C. Curtis, A.M., Ph.D., Tutor in Botany in Columbia University, 
U.S. A. With 87 Illustrations. Svo., i2j. net. 

EDMONDS.— WoxVs by HENRY EDMONDS, B.Sc, London. 
ELEMENTARY BOTANY. With 342 Illustrations. Cr.8vo.,2^.6^. 
BOTANY FOR BEGINNERS. With 85 Illustrations. Fcp. 

Svo., I J. 6d. 

FARMER.— K PRACTICAL INTRODUCTION TO THE 

STUDY OF BOTANY : Flowering Plants. By J. Bretland Farmer, F.R.S., 
M.A., Professor of Botany in the Royal College of Science, I-»ondon. With 121 
Illustrations. Crown Svo, 2j. 6d. 

KITCHENER.— K YEAR'S BOTANY. Adapted to Home and 

School Use. By Frances A. Kitchener. With 195 Illustrations. Cr. Svo., $5. 

LINDLEY AND MOORE.— YY^Y. TREASURY OF BOTANY 

Edited by J. Lindley, M.D., F.R.S., and T. Moore, F.L.S. With 20 Steel 
Plates and numerous Woodcuts. Two parts. Fcp. Svo. , i2j. 

J/cA^^Z?.— CLASS-BOOK OF BOTANY. By W. R. McNab. 

MORPHOLOGY AND PHYSI- 1 CLASSIFICATION OF PLANTS. 
OLOGY. With 42 Diagrams. With 118 Diagrams. Fcp. Svo., 

Fcp. Svo., ij. bd. IS. 6d. 

SORA C/ER.—A POPULAR TREATISE ON THE PHYSIO- 
LOGY OF PLANTS. By Dr. Paul Sorauer. Translated by F. E. Weiss, 
B.Sc, F.L.S. With 33 Illustrations. Svo., gs. net. 

THOME AND Z^^A^iV^rr.— STRUCTURAL AND PHYSIO- 
LOGICAL BOTANY. By Otto Wilhelm Thome and by Alfred W. 
Bennett, B.Sc. , F. L.S. With Coloured Map and 600 Woodcuts. Fcp. Svo. , dr. 
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T 1/ B i: 1/ F.— DISEASES OF PLANTS INDUCED BY 

CRYPTOGAMIC PARASITES. Introduction to the Study of Pathogenic- 
Fungi, Slime Fungi, Bacteria and Algae. By Dr. Karl Freiherr von- 
TUBEUF, Privatdocent in the University of Munich. English Edition by 
William G. Smith, B.Sc., Ph.D., Lecturer on Plant Physiology, University 
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AGRICULTURE AND GARDENING. 

^Z>Z>K^^^— AGRICULTURAL ANALYSIS. A Manual of 

Quantitative Analysis for Students of Agriculture. By Frank T. Addyman,. 
B.Sc. (Lond.), F.I.C. With 49 Illustrations. Crown 8vo., 5J. net. 



COLEMAN AND ADDYMAN. — Y'St.kCYVZAl. AGRICUL- 
TURAL CHEMISTRY. By J. Bernard Coleman, A.R.C.Sc, F.I.C, and 
Frank T. Addyman, B.Sc. (Lond.), F.I.C. With 24 Illustrations. Crown* 
8vo. , ij dd. net. 
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WEATHERS. — A PRACTICAL GUIDE TO GARDEN 
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British Islands, with Full and Practical Instructions as to Culture and Propa- 
gation. By John Weathers, F.R.H.S., late Assistant Secretary to the Royal 
Horticultural Society, formerly of the Royal Gardens, Kew, etc. With 163: 
Diagrams. 8vo., 21J. net. 



WEBB.— Wor]L^ by HENRY J. WEBB, Ph.D., B.Sc. (Lond.). 
ELEMENTARY AGRICULTURE. A Text-Book specially 
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nations. With 34 Illustrations. Crown 8vo., 2J. 6d. 

AGRICULTURE. A Manual for Advanced Science Students. 

With 100 Illustrations. Crown Svo. , js. 6d. net. 
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LECTURES ON SOUND. With Frontispiecre of Fog-Syren, and 
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LECTURES ON LIGHT DELIVERED IN THE UNITED 
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Colour and Chemical Constitution of Bodies — New Chemical Reactions produced by 
Light — On Dust and Disease — Voyage to Algeria to observe the Eclipse — Niagara — 
The Parallel Roads of Glen Roy — Alpine Sculpture — Recent Experiments on Fog- 
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